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ta GROWTH, 


Growth, or inherent of Increasing in although 
essential to our iden of fife, ia not a propert fining betes 
only. A Gti of sugar or of common sult, or of any other 
substance, i post under appropriate conditions for obtaining 
fresh material, will grow in a fashion a3 definitely cbaracter- 
istic and as easily to be foretold as that of a living creature, 
It is, therefore, ere to explain the distinctions which exist 
in this respect between living and lifeless structures; for the 
manner of growth in the two cases is widely different. 

First, the growth of a crystal, to use the same example as 
before, a merely by additions to its outside; the new 
tater Is aid on particle by particle and layer by layer, and, 
when once laid on, it romaing unchanged. le Bro ishere 
said to be euperficial, In a livingstructure, on the other hand, 
as, for example, a brain or a muscle, where growth occurs, it 
y by addition of new Ise r, Hot a the thee only, but 

roughout every part of the mass; the gr is not eu 
fetal but interetidl, In the second place, all living one 
are subject to constant decay; and life consists, not as once 
supposed, in the er, preventing this never-censing decay, 
bat rather in making up for the lows attendant on it by never 
ceasing repair. Thus, & man’s body is not com) of ex- 
mallpitie satokl partion day afler dayfalthcpHider all Lotena 
ha remains the same individual. Almost every part is ehaneet 
Bctied but the change is eo gradual, and the renewal of 

which is lost so exact, that no difference may be noticed, 
except at long intervals of time, A lifeless structure, asa 
crystal, is subject. to no such laws ; neither docay nor repair is 
a necessary condition of its existence. That which is true of 
structures which never had to do with life is true also with re- 
spect to thove which, though they are formed by living parts, 
tre not themselves alive. “Thus, an oyster-ehell ix formed by 
the living animal which it incloses, but it is as lifeless as any 
other mass of saline matter; and in accordance with this cir- 
cumstance its growth takes place not interstitially, but layer by 
layer, and it £ rot subject to the constant deeay and recon- 
struction which belong to the living, The hair and nails are 
examples of the sarae fact. 
Thirdly. In connection with the growth of lifeless masses 
there is no alteration in composition or propertica of the ma- 
terial which is taken up and added to the previously existing 
mass. For example, when a crystal of common salt grows on 
‘being placed in a fluid which contains the same material, the 
are saltare not changed by being taken out of the 
iquid by the orystal and added to its surface in a solid form. 
Bat the case is ewentially differeut from this in liviag beings, 
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16 ANIMALS CONTRASTED 


at once in favor of a vegetable nature, whatever might be the 
attributes which seem to point to an opposite conclusion. The 
power of living upon organic matter would seem to be Tess de- 
cisive of an animal nature, for some fungi appenr to derive sup- 
port almost entirely from this source. 

IL, There is, commonly, a marked difference in general 
chemical composition between vegetables and animals, even in 
their lowest forms; for whilo the former consist mainly of a 
substance containing carbon, hydrogen, and oxygen only, ur- 
ranged so as to form a compound closely allied to starch, and 
called cellulose, the Intter are commonly composed in grent 
part of the three eloments just named, together with a fourth, 
nitrogen; the proximate principles formed from thee being 
identical, or nearly so, with albumen. [t must not be supposed, 
however, that cither of these typical compounds alone, with 
its allies, is confined to ove iaelcen of nature, Nitrogenous 
or albuminous compounds are freely produced by vegetable 
structures, although they form an infinitely smaller proportion 
of the whole organism than cellulose or starch. And while 
the presence of the latter in animals ig much more rare than 
is that of the former in vegetables, there are many animals in 
which traces of it may be diseoveretl, and some, the Ascidians, 
in which it is found in considerable quantity. 

TIL, Inherent power of movement i8 a quality which we 20 
commonly consider an exential indication of animal nature, 
that it is difficult at first to conceive it existing in any other. 
The capability of simple motion is now known, however, to 
exist in so many vogotable forms, that it can no longer be hold 
as un eswentin! distinction between them and animals, and 
ceases to be a mark by which the one can be distinguished 
from the other. ‘Thuis the zoospores of many of the Crypto. 
gamia exhibit movements of « like kind to those seen in animal- 
ecules; and even among the higher orders of plants, many ex- 
hibit such moth ither at regular times, or on the application 
of extornal irritation, as might lead one, were this tact taken 
4 itself, to regard thom aa sentient beings. Inhereat power 
of movement, then, although especially characteristic of ani- 
mal nature, is, when taken by itself, no proof of it. Of course, 
if the movement were such as to indicate any kind of purpose, 
whether of getting food or any other, the case would be differ: 
ent, and we should justly call a being exhibiting such motion, 
anaimal. But lowdown in the scale of life, where nlone 
there existe any difficulty in distinguishing the two clases, 
movements, although almost ulways more lively, are scarcely 
or not at all more purposive in one than the other; and ev 
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if we decide on the animal nature af « being, it by no means 








13 CHEMICAL COMPOSITION OF HUMAN Bopy. 


CHAPTER IL 
CHEMICAL COMPCEITION OF THE HUMAN NODY. 


‘Tae following ponmert Substances may be obtained by 
chemical analysis from the human body: Oxygen, Hydrogen, 
Nitrogen, Carbon, Sulphur, Phosphorus, Silicon, Chlorine, 
Fluorine, Potassium, Sodium, Calcium, Magnesium, Iron, and, 

bably as accidental constituents, Manganesium, Alumin- 
ium, Copper, and Lead. ‘Thus, of the sixty-three or more 
elements of which all known matter is composed, more than 
one fourth are present in the human body. 

Only one or two elements, and in aa minute amount, are 
present in the body uncombined with others; and even thee 
‘fare present much more abundantly in various states of combi- 
nation. ‘The most simple compounds formed by union in 
various proportions of these elements are term i 

inviples ; while the latter ure classified as the organte and the 
inorgamio proximate principles. 

‘The term rhineel wits once applied exclusively to these 
substances which were thought to be beyond the compass of 
“synthetical chemistry and to be formed only by ised or 
living beings, animal or vegetable; these being called organ 
ized, inasinuch as they are characterized by the possesion of 
differout parts called organs. But with advancing knowledge, 
both distinctions haye disappeared ; and while the title of 
Aving organism is applied to numbers of living things, having 
no trace of organs in the old sense of the term, and in some, 
wm far as can bo now seen, in no other sense, the term wie 
has Jong ceased to be applied to alehaatha Saceeaanle by 
living tissues Tn othor words, substances, once thought to be 
formed only by living tismes, are still termed organic, al- 
though they can be now nade in the laboratory. term, 
indoed, in its okt moaning, beoomee year by year applicable 
to fowor substances, as the chemist adds to bis conquests over 
inorganic clemonts and compounds, and moulds them to more 
complex forme. : 

though « lange namber of scaled onganic compounds 
have long ceased to be peculiar in being formed oaly ty living 
theues, the terms organic amd inonganic are still commonly 
used to denote distinct classes of chemical substances, and the 
claasification of the matters of which the human body is com- 
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by 
bin 
shy Sogeetey i eceaen var of pacetay a 
, indoed, is the instabili animal compow 
reo from these sevoral Tiartice in their constitution, 
that, in dead and moist animal matter, no more is requisite 
for the occurrence of decomposition than the presence of at 
motpheric air and a moderate temperature 5 conditions #0 com 
monly present, that the decomposition of dead animal bodies 
— to be, und is generally called, spontaneous. The modes 
‘such tepelieraaees vary according to the nature of the origi- 
nal compound, the temperature, the access of oxygen, the pros- 
ence of microscopic organisms, and other circumstances, and: 
constitute the several processes of decay and putrefaction ; i 
the ‘results of which processes tho only genom rule se 
bo, that the several elements of the original compound fi 
unite to form those substances, whose composition. is, 
the circumstances, mast stable. 
‘The organie compounds existing in the human body may 


the aered of water which, in their natural state, is com- 
ied with hi 








others. In the same category of non-nitrogenous substances 
may be included lactic and formic acids, animal glucose, sugar 
‘of milk, de 

‘The oily or fatty matter which, inclosed in minute cells, 
forms the ‘csential part of the adipose or fatty tissue of the 
‘human body (p. 40), and which is mingled in minute particles 
‘in many other tissues and fluids, consists of a mixture of stearin, 

tin, wnd olen, The mixture forme a clear yellow oil, of 

Which different «pecimons congeal at from 45° to 35°, 

Cholesterin, a fatty matter which melts at 293° F., and is, 
thorefore, always solid at the natural tomperature of the body, 
may be obtained in small i orieer from blood, bile, and ner- 
os ae It st abundantly a fee biliary Sper 

G white crystalline specimens of these concretious bein; 
formed of it almost exclusively. Minute rhomboidal wcale 
like crystals of it are aleo often found in morbid secretions, as 
in cysts, the puriform matter of acting: and ulcerating 
tumors, &e. t is saluble in ether and boiling alcohol; but 


SN 
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solidifies on cooling much less firmly, and, unlike gelatin, it is 
precipitable with acetic and the mineral and other acids, and 
with nlum, persulphate of iron, and acetate of lead. 

Albuminous substances, or proteids, a8 are sometimes 
called, exist abundantly in the human body. The chief among 
them are albuinen, fibrin, casein, syntonin, myosin,and globulin: 

Albumen existe in most of the tissues of the body, but ea- 

ally in the nervous, in the lymph, chyle, and blood, and 
in ah morbid fluids, as the serous seeretions of dropsy, pus, 
and others, In the human body it is most abundant, and 
most nearly pure, in the serum of the blood. In all the forms 
in which it naturally occurs, it is combined with about six per 
cent. of fatty matter, phosphate of lime, chloride of sodium, 
and other saline substances. Its most characteristic property 
iz, that both in eolution and in the halfzolid state in which it 
exists in white of ogg, it is Can rome by heat, and in thus 
becoming solid, becomes insoluble in water. The temperature 
required for the coagulation of albumen is the higher the loss 
the rtion of albumen in the solution eubmitted to hoat. 
Serum and such strong eolutions will begin to coagulate at 
from 150° to 170°, and these, when the heat is maintained, 
become almost solid and opaque. But weak solutions require 
1a much higher temperature, cyen that of boiling, for their 
congulation, and cither only become milky or opaline, or pro= 
duce flocen!i which are precipitated. 

Albumen, in the state in which it naturally oreurs, appears 
to be but little soluble in pure water, but i# soluble in water 
containing asmall proportion of alkali. In euch solutions it ie 
probably combined chemically with the alkali; it is preci 
itated from them by alcohol, nitric, and other mineral acids, 

ferrocyanide of potassium (if before or after adding it the 
alkali combined with the albumen be neutralized), by bi+ 
chloride of mercury, acetate of lead, and most metallic snlte, 

Congulated albumen, é.¢., albumen made solid with heat, ie 
soluble in solutions of caustic alkali, and in acetic acid if it be 
Jong di or boiled with it. With the aid of heat, also, 
ang arochloric acid dissolves albumen previously cong. 

|, and the solution has a beautiful purple or blue color. 

Fibrin is found most ream in the blood and the more 

fect portions of the lymph and chyle, It is very doubtful, 

owevor, whether fibrin, as such, exists in these fluids—whether, 
that is to say, it is not itself formed at the moment of congula- 
tion, (Sce chapter on the Blood.) 

Tf a common clot of blood be pressed in fine linen while a 
stream af water flows upon it, the whole of the blood-color is 
gradually removed, ond strings ond various pieces remain of 
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‘Horny Matter-—Tho substance of the horny tissues, includ- 
ing the bair aud nails (with whnlebone, hoofs, and horns), 
consists of na albuminons sutianee, with larger proportions 


Uae and nails 6 to 8 a of sulphur. 

2 ich Simon applied the name of 
keratin, are insoluble in water, alcobol, or ether; soluble in 
caustic alkalies, and sulphuric, nitric, and aap acide; 
and not precipitable from the golution in acids by ferrocyanide 


foe 
in some of its forms, is related to these horny sub- 
consisting, in great part, of epithelium detach 

the surface of mucous mem| and floating in a peculiar 
clear and viscid fluid. But under the name of mucus, several 
various substances ure included of which some wre morbid 
albuminous secretions containing mucus and pus-corpuscles, 
and others consist of the fluid secretion peeaniabes con- 
centrated, or diluted. Mucus contains an albuminous sub- 
‘stance, termed mein. It differs from albumen chiefly in not 
containing sulphur, 

ene other albuminous ferments, aa thoy are sometimes 

will be described in connection with the secretions of 
which they are the active principles. And the various color- 
ing matters, as of the blood, bile, é&e., will be also considered 
vith the fluids or tates to which they belong: ie 
e-mentioned organic nitrogenous compounds, 
other substances are formed in the Livin body, chiefl a de- 
composition of nitrogenous materials of the food an 
tiseues, which must be reckoned rather as temporary constitu. 
ents than essential component parts e body; althougl 
th ial ‘of the body? although 
from the continual change, which is a necessary condition of 
life, are always to be found el deed or less amount. 
Examples of theee are urea, uric and hippurie acids, creatin, 
creatinin, leucin, nnd many others. 

Such are the chief organic substances of which the homan 
body is composed. It must not be Coywees howover, that 
Le ech naturally in a state approaching that of chemical 
purity. All the fluids aod tissues of the body appear to con- 
ist, chemically speaking, ‘of mixtures of sovoral of these prin- 
ciples, togother with malino matters, ‘Thus, for example, a 

‘of muscular flesh would yield fibrin, albumen, gelatin, 
Raymon: salts of soda, potash, lime, magnesia, iron, and 
other substances, such ns creatin, which appear passing from 
the organic towards the inorganic state. This mixture of sub- 

. may be explained in some measure by the existence of 
many different structures or tissues in the muscles ; the gelatin 
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see ae in 

bn wine, and, pea to iv Hod, int the athe fa 
Magnesivin pale associated with ue 
but its ear mn is = er, in the juice ex- 
wuscles, in the ashes of which magnesia propon- 

The cnet over lime. 

of iron is in the hamoglobin, the color- 
eae of ae aes blood, of which a further necount will be 
iven with the chemistry of the blood. Peroxide of iron is 
fn ny oa ian ga nen far 
in lymph and chyle, albumen of eeram, 
bein, bl ion other fluids; aud a salt of Risen probaly a 
fee exists in considerable quantity in the hair, black 
pigment, and other deeply alors epithelial or horny sub- 


stances, 

Aluminium, Manganese, mneee and Lead.—It secms most 
likely that in the human copper, manganesium, alumine 
ium, and lead are merely mocdecal Clements, which, being 
taken in minute quantities with the food, and not exeroted at 
once with the fieces, are absorbed and deposited in some tissue 
or organ, of which, however, they form no necessary part, Tn 
the same manger, arsenic, being absorbed, may be deposited 
in the liver and other parte, 


CHAPTER III. 
STRUCTURAL COMPOSITION OF THE HUMAN BODY. 


Ix the investigation of the structural com| apes of the 
human body, it will be well to consider in the fimt place, what 
are the simplest anatomical elements which enter bt its Fors 
mation, and then proceed to examine those mons “le 





ments, a greater or lees amount of a substance, which, in 
chemical composition aud general characters, is indistinguieh- 


eT 
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In many, too, there isa kind of molecular current, exactly 
resembling that which is seen in a vegetable cell. 

Jn the higher animals, phenomena sach as these are so sub- 
ordinate to the more complex manifestations eet: 


cal clement in a complex structury, like the humun body, re- 
vembles very closely the life of what in the lowest seas 
constitutes the whole bei x 
covering or epi ‘ich forms 

tkin, is made up of minute cells, which, when living, are com- 
potod in part ck proloplalna cel wtstr en seerinnalbe none 
ing away and replaced by new similar cloments from 
beneath ; and this process of quick waste and repair could only 
take place under the very complex conditions of nutrition 
which oxist in man. One working part of the orgéniam of an 
animal is 0 inextricably interwoven with that of another, 
that any want or defect in one, ix soon or immediately felt by 
the whole; und the epidermis, which only subseryes a mechan! 
eal function, would be altered very toon by any defeot in the 
more essential parts concerned in circulation, respiration, &e, 
But if we take simply the life history of one of the small cells 
which constitute the epidermis, we find that it absorbs nour- 
ishmont from the parts around, grows, and develops in & 
manner analogous to that which belongs to a cell which con- 
stitutes part of a vegetable structure, or even a cell which 
by itself forms an independent being. 

Remembering, however, the invariable presence of a living 
albuminous matter or protoplasm of apparently identical com- 
position in all living tissues, animal and rea we must 
not forget that its relations to the parts which it is in- 
eorporated aro still very doubtsally ‘snows and all theories 
concerning it must be considered only tentative and of uncer- 
tain stability. 

Among the anatomical elements of the human body, some 
appear, oven with the help of the bost microscopic apparutus, 
perfectly uniform and simple: they show no trace of atruc- 
ture, i ¢., of being compoted of definitely arranged dissimilar 
parts. These are named at eructureloss, or amorphous 
substances, Such is the simple membrane which forms the 
walls of most primary cells, of tho fiocat gland-ducte, and of 
the sarcolemma of muscular fibre; and such ix the membrane 
enveloping the vitreous humor of the eye. Such also, hnving 
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tinct outline. It is commonly, too, the of the mature 
Sell'which is capable of belng tealoed yea ea 


mee 
cording to Dr, Beale, protoplasm or germinal matter may be 
alwaye known. 

Nuclei may be either free or attached. Free nucleé are such 
as either float in fluid, like those in some of the secrétiona, 
which appear to be derived from the secreting cells of the 
glands, or lie Lay at in solid substance, as in the 

“ay matter of the brain and spinal cord, and most aban- 
dantly in some quickly growing tumors dae ‘muolei are 

ither imbedded in homogeneous substance, 
as in rodimeral cellular tissue ; or are fixed on the eurfixoe of 
fibres, us on those of organic muscle and ic nerve-fibres ; 
or are inclosed in cells, or in tissues by the extension 
‘or jonetion of cells, Nuclei inclosed in cells appear to be at- 

od to the inner eurtace of the coll-wall, projecting into the 
cavity, Their position in relation to the centre or axis of the 
eell is uncertain; often when the cell lies on a flat or brond 





ig or 
ay and 
the development of new cells is often effected by a division or 


tubes or sheaths, the nuclei commonly remain attached to the 
inner surface of the wall, Thus they are ecen imbedded in 
the walls of the minutest capillary bloodvesels of, for exam- 
ple, the retina and brain; in the sarcolemma of transversely 
striated muscular fibres; and in minute gland-tubes. 

Noelei are most commonly eval or round, and do not gun- 
erally conform themselves to the diverse shapes which the 
cells assume; they are altogether less variable elements, even 
in regard to size, than the cells are, of which fact one may sea 
aah iu tho uniformity of the nuclei in cella 0 mul- 

i as thoee of epithelium, But sometimes they appear to 
be developed into ) elongating themselves m= 
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vibratile cilia (Fig. 6), or lai with which 
ierpecalecertraccrian gene ee 
jigment of roid cont of eye Je 

"The contonts of all living olla including the nudloin, are 
formed in a greater or less degree of protoplass—less aa the 
cell grows older. But, besides, cclls contain matters almost 
infinitely various, according to the position, office, and age of 
the cell. In adipose tiswe they are the oily mutter of the fit ; 
in gland-colls, contents are the proper substance of the 
ecervtion, bile, semen, Xe., ns the case may be; in pigment-celle 
they are the pigment-granules that give the color; and in the 
numerous instances in which the cell-contents can be neither 
seen because they are pellucid, nor teated because of their 
miuute quantity, they are yet, probably, peculiar in each tisene, 
and constitute the ape sats the pape substance of each, 
Commonly, when the contents are pellucid, they contain gran- 
ules which float in thom; and when water is added, and the 
contents are diluted, the granules display an active molecular 
movement within the cavity of the cell. Such a movement 
may be seen by adding water to mucus, or granulation-corpus- 
eles, or to those of Jymph. In a few cases, the whole cavity 
of the cell is filled With granules; it is eo in yolk-cella and 
milk-corpuscle. in the lnrge diseased corpuscles often found 
among the products of inflammation, and in somo cells when 
they are the seat of extreme fatty dogoneration. All cells 
containing abundant granules appear to be cither lowly organ- 
ized, us for nutriment, ©. g., yolkecells, or degenerate, & ga 
granule-cells of inflammation, or of mucus. The peculiar con- 
tents of colle may be often observed to accurnulate firet around 
or directly over the nuclei, as in the cells of black pigment, in 
those of mélanotic tumors, and in those of the liver during the 
retention of bile. 

Intercellular substance is the material in which, in cortain 
tissues, the cells are imbedded. Its quantity ix very variable, 
In the finer epithelia, especially the columnar epithelium on 
the mucous membrane of the intestines, it ean be just seen fill- 
‘ing the intorstioes of the close-et cella; here it has no appear- 
ance of structure. In cartilage and bone, it forms a legs 
portion of the whole substance of the tissue, and is either hur: 

und finely granular (Fig. 14), oF osseous, or, as in 

Mircartilage, reidm bite fine Shrove tieevs (Fig. 15). In some 

eases are very loosely connected with the intercellular 

substance, and may be nearly separated from it, as in fibro-car- 
tilage; but in some their walls seem amalgamated with it. 

\¢ foregoing may be regarded aa the simplest and the near. 

ext 10 the primary forms assumed in the organization of animal 
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CHAPTER IV! 
STRUCTURE OF THE ELEMENTARY TISSUES, 


Epithelium, 


Owe of the simplest of the elementary structures of which 
the human body is made up, is that which has received the 
name of Epitielium, Composed of nucleated cella which are 
arranged moet commonly in the form of a continuous mem- 
brane, it lines the free eurfacee both of the inside and outside 
of the body, and its varieties, with one exception, have been 
named after the shupes which the individual cells in different 

rts assume, Classified thus, Epithelium presenta itself under 

ur principal forms, the characters of cach of which are dis- 
tinct enough in well-marked examples ; but when, as frequently 
happen inuous surface possesses at different parts two 
or more diffsrent epithelia, there is a very gradual transition 
from one to the other. 

1. The first and most common variety is the aquamous or 
teasellated epithelium (igs. 1 and 2) which is composed of flat, 








Fro. 2. 





Fiv, t Fiagment of eplibelivim from a serous membrane (perttonoum) ; magnified 
‘AO dinmetors. 0, cell; f, nucleus; ¢, nueleoll (Henle 

Pin & Rylthetium scales from the tnelde of the mouth ; magnised 260 diameters 
(Mento). 


oval, roundish, or polygonal nucleated celle, of various size, 
arranged in one, or in many superposed layers, Arranged in 





{The following chapter, containing an oatlino-deseription of the 
wlemaniary thats, bay boon inserted for the convenlance of suudents, 
For a mueb ful better account, the reader may be referred to 
De. Sharpes" ble deseriptions in Quain's Anatomy, 
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stomach along the whole of the dij anal to. the anus, 
fand lines the principal gland-ducts which open upou the mucous 


red 


Cylindricad epithetiom from intoeeina) villus of rabbit roxguttied 300 diameters 
(irom Kalileer). 


surface of this tract, sometimes throughout their whole extent 
(a, Fig. 3), but in some cases only at the part nearest to the 
orifice (6 and ¢). It is also found in the gall-bladder and in 
the greater portion of the urcthra, and in ome other parts, ax 
pet geal kl ad ped perpen 
of oblang cells closely packed, icu- 

larly to the surface they cover, their dee) eke attached ex~ 
tremitics being most commonly amaller than those which are 
free, Each off auch cells inctoven, at nearly tid distance bo- 
tween its have and apex, a flat nucleus with nucleoli (m, Fig. 5); 





Fro. 5. 





Cylinders of the intestinal opithollum (sfter Monto} 1, from the jejunum; oy! 
ovders of the intestinal epitholium as seu shon looking on thelr froo extremities: 
1, ditto, ax xoen on Lranaverms anctlon of a ritins, 


the nuclei being arranged at such heights in contiguous cells 
a8 not to interfere with each other by mutual pressure. 

4. In the fourth variety of epitholium cells, usually ey/in- 
drial, but occasionally of some other shape, aro provided at 
their free extremities with several fine pellucid pliant processes 
or cilia (Figs @ aud 7). This form of epithelium lines the 
whole respiratory tract of mucous membrane and its prolonga- 


om 
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described, mucus and synovial fluid are formed and discharged. 
(See chapter on Secretion.) 

Ciliated epithelium has another peace fanction. By 
macans of the current sct up by its cilia in the air or fluid in 
contact with them, it is Sate to propel the fluids or minute 

mrticles of solid matter, which come within the range of its 
influence, and aid in their expulsion from the body. In the 
respiratory tract of mucous membrane the current set up in 










the air may also assist in the diffusion and change of 00 
which the due aeration of the blood depends, Tn the Fallopian 
tube the direction of the current excited by the cilia ig towards 


the cavity of the uterus, and may thus be of service in iz 
the progress of the ovum, Of the purposes served by the cilia 
which line the ventricles of the brain nothing is known. 

‘The nature of ciliary motion and the cireusnstances by which 
oy inflasnced will be considered hereafter. (See chapter on 

lotion.) 

Epitheliam is devold of bloodvessels and lymphatics. The 
cells composing it are nourished by absorption of nutrient 
matter from the tissues on which they rest; and as they grow 
old they are cast off and rplaced by new cells from beneath. 





Arcolar, Cellular, or Connective Tiane, 


This tissue, which has received yarious names according to 
the qualities which seemed most importaut to the authors who 


Pa & 





+) = 
ARay M Sf 
‘Filaments of areolar tissue, in Larger snd smaller bundles, as seem under a mayni- 
flag power of 400 dlamilers rSharpcy). 
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called conncotivetixme lex (Fig. 9, ¢), some of which are 
prolonged at various points of their outline into small 
cesses Which meet and join others like them proceeding from 
their neighbors. 

The chief functions of areolar tixsue seem to consist in the 
investment and mochanical support of various parts, and as a 
connecting bond between such 
structures as may need it. The 
connective-tisue corpuscles, 
which, according to Beale, are 
«mall branched particlesof ger- 
mival matter or protoplasm, 
probably minister to the nutri- 
tion of the texture in which they 
are seated, 

Ta various parts of the body, 
each of the two constituents of 
areolar tissue which havo been 
just_ mentioned, may exist sepa- 
mitely, or nearly so. ‘Thus ten- 
dons, fusciw, and the like more, 
‘or lee inelastic structures, are 
formed almost exclusively of 
the white Sbrous tissue, arranged 
according to the purpose re- 

uired, either in parallel bun- 
mabfiavs, magnified about 200 diame- dice or membranous meshes ; 
ee while the yellow elastic fibres 
are found to make up almost alone such elastic structures ag 
‘the vocal cords, the ligamenta subflava, &c., and to enter 
largely into the composition of the bloodvessels, the trachea, 
the lungs, and many other parts of the body. 





Fra. 10, 








Adipose Triste. 


In almost all regions of the human body a larger or smaller 
juantity of edipose or fulty tissue ia present; the chief excep- 
tions being the subcutaneous tissue of the eyclids, penis and 
serotum, the nymph, and the cavity of the cranium. Adipose 
tissue ix also absent from the substance of many organs, as the 
lungs, liver, and others. 
ty mutter, not in the form of a distinct tissue, is also 
widely present in the body, as the fut of the liver and brain, 
of the blood and ebyle, &e. 
Adipose tiesue is almost always found seated in areolar 
tissue, and forms in its meshes little masees of unequal size 
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fat serves such purposes may be mentioned the palms of the 
hands, and soles af the feet, and the orbits. 

4, In the long bones, fatty tisue, in the form known as 
marrow, serves to fill up the medullary canal, and to support 
the small bloodvesels which are distributed from it to the 
inner part of the substance of the bone. 





Pigment. 


In various parts of tho body thoro exists a considernble 
quantity of dark pigmentary matter, ¢ g., in the choroid coat 

tia.eyu,9t tus Seek of Ube inte adhe sii eee Ta oll thess 
cases the dark color is due to the presnce of so-alled pigment. 
colle. 

Pigment-cells are for the most part polyhedral (Fig. 12) or 
spheruidal, although sometimes they have irregular processes, 
as shown in Fig. 13, The cell-wall itself’ ls colorless —the 
dark tint being produced by small dark granules heaped closely 
together, and more or less concealing the nucleus, itsclf color- 














Pra. 12 Pim 12. 


& 








Fra 12 Pigmontecelle from the choroid; magnified #7) diameters (Henlw). A, 
coals stilt coloring, seen on thelr sariave :0, nucleus indistinctly seen. Lu the other 
celle the ruclous ts concealed by the plgiwent-granutes, 

¥i9, 18, Ramisied plament-cells, from the Ussus of Ue eborvid cont of the eye 5 
moageised 350 dlumeters (after KGIIKer). , cells with pigment ; 4, coloriess fusi- 
furan cello, 








jos, which each cell contains, ‘The dark tint of the skin, in 
those of dark complexion and in the colored races, is seated 
chiefly in the epidermis, and depends on the presence of pig- 
mentcells, which, except in the preseuce of the dark granules 
in their interior, closely resemble the colorless cells with whieh 
they are mingled. The pigment-cells are situnte chiefly in the 
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1, Cellular cartilage may be obtained from the ex- 


which twine about the cells in various dirvotions and inclose 
a 
Fra. 14, The cells are packed very 





ends of bones, and formil 
AAhin Layee peelet off from the sure ‘ 
face of the cartilage of the head of the the costal ea the nasal 
Tumerus, showing atiened groups of cartilages, and those of the 
cil. Tho shrunken cel-bodies wedi larynx, with the exception of 
Ainctly mon, butthe ails of the eapee- the epiglottia and coraieuda 
ar cnvition, whor they adjota ono rfl 
another, arebut faintly ladieated. Mag. laryngia. Like other carti- 
ified 460 diameters (afar Sharpey). teal is composed of 
jm 


Tar in shape, and gonerally grouped together in 
yee are of ese shapes and sizes, and placed at unequal 
istances apart. ey: generally appear flattened near the free 
surfuce of the mass of cartilage in which they wre placed, and 
more or less perpendicular to the surface in the more deeply 
io 


portions. 
‘The matrix in which they are imbedded has a dimly granu- 


Tar appearance, like that of ground-glass, 
In the hyaline cartilage of the ‘Hite, the celle arc mostly 
than in the articular variety, and there is a tendency to 
the developmentof fibres in the matrix, The costal cartilages 
nee sugheatty become ostified in old age, as also do some of 
cise 0 


the larynx. 
vary carti closely resembles the ordinary hyaline 
kind; the cells, however, are not grouped together after the 
fashion just described, but are moro uniformly distributed 
chout the matrix. 
Articular hyaline cartilage is reckoned among the so-called 


ai 2 
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posticas, in the aole of the foot, and usually in the neighboring 
tendon of the longue, 

The wee of cart are the following: in the joints, to 
form smooth surfiuces for easy friction, aud to act asa buffer, 
in shocks; to bind hones together, yet to allow a certain degree 
of movernent, ay between the vertebra; to form a firm frame- 
work and protection, yet without undue stiffhes or weight, as 
in the larynx and chest-walls; to deepen jointeavities, ax in 
the acetabulum, yet not so 48 (o restrict the movements of the 
bones; to be, where such qualities ane required, firm, tough, 
flexible, elastic, and strong. 





Structure of Bones an Teeth, 


Bone is composed of eurthy and animal matter in the pro- 
portion of about 67 per cent. of the former to 33 por cent. of 
the latter. The earthy matter is composed chielly of 
phate of lime, but besides there is a small quantity, about 11 
‘of the 67 per cent., of carbonate of lime, with minute quantities 
of some other salts. The animal matter is resolved into gela- 
tin by boiling. The earthy and animal constituents of bone 
‘are so intimately blended and incorporated the one with the 
other, that it if ouly by chemical action, a4, for instance, by 
heat in one ease, and by the action of acids in another, that 
they can be separated. Their cleee union, too, ie further 
shown by the fact that when by acids the carthy matter is dis- 
solved out, or, on the other hand, when (he animal part is 
burnt out, tho general shape of the bone is alike preserved, 

To the naked cye there appear two kinds of structure in 
different bones, and in different parts of the same bone, 
namely, the dense or compact, ani the cancellous tisue. Thus, 
in making a Tongitndinal eoceion of a Jong boue, as the hume- 
rus or fomur, the articular extremitics are found capped on 
their surface by a thin shell of exmpact bone, while their in 
terior is made up of the spongy or cancellous tissue. The shaft, 
‘on the other hand, is formed almost entirely of a thick layer 
of the compact bono, and this surrounds a central canal, the 
medullary cavity—so called from its containing the medulla or 
marroo (p. 42), In the flut bones, ax the parietal bone or the 
scapula, one layer of the euncellous structure lies between two 
layers of the compact tissue, and in the short und irregular 

3, a8 these of the carpe and tarsus, the cancellous tissue 
alone fille the interior, while a thin shell of compact bone 
forms the outside, The epaces in the cancellous tissue aro 
filled by # species of marrow, which differs considerably from 
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tioned, the structure of all bone is found, under the 
to bo essontially the samo, Examined with a rather high power 
its substance is found occupied by a multitude of little spaces, 
called facume, with very minute cunals or canaliew, as they 
‘are termed, leading from them, and anastomosing with similar 
Uitte prolongations from other lacunw (Fig. 16). In very thin 
Jayere of bone, no other canals than theee may be visible; but 
ou making # Uransyverse section of the compact tissue, hs of 
a long bone, as the humerus or ulna, the arrangement shown 
Ae The bone seems mi ‘out into small 
‘circular districts, at or about the centre of each of which isa 
hole, and around this an ay ce ux of concentric Inyers ; 
the facunce and eanalionli wins the sume concentric plan 





section, the central holes are found t be simply the cut ex- 
tremities of small canals which run lengthwise through the 
bone Cig 27 and aro called Haversian canals, after the 

ie yyaician, Clopton Havers, who first socurately 





‘The Haversian canals, the avernge diamoter of which is sty 
of an inch, contain bloodvewels, aud by means of them bl 

is conveyed to all, even the densest parts of the bone; the mi- 
nute canaliculi and lacunwt absorbing nutrient matter from the 
Haversian bloodvesiels, and conveying it still more intimately 
to ver ae of the bone which they traverse. The 
bloodvessels enter the Hayersian canals both from without, by 
traversing the small holes which exist on the surfuce of all 
hones beneath the periostoum, and from within by means of 
small channels which extend from the medullary cavity, or 
from the cancellous tissue. According to Todd and Bowman, 
the arteries snd veins usually occupy separate canals, and the 
veins, which are the rr, often present, at irregular intervals, 
small pouch-like dilatations (Fig. 17). 

‘The facune: are occupied by nucleated celle, or, as Dr, Beale 
expresses it, minute portions of protoplasts or inal matter; 
and there ie every reason to believe ‘that the lacunar cella are 
homologous with the corpuscles of the connective tissue, cach 
little particle of protoplasm peice to the nutrition of the 
bone immediately surrounding it, and one lucunar particle 
Ponce with another, and with ite surrounding district, 
and with the bloodveesels of the Haversian canals, hy meane 
of the minute streams of Huid nutrient matter which occupy 

canaliculi, 


Besides the concentric famelie of bono-tissue which surround 
the Hayersian canal in the shaft of a long bone, are others, cs- 





a. 
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tissue in erin ty matte ihn sore 
composed main! res and granular ike imperfectly 
Geveloped connective-tianes Of this Kind ‘of vestfieaion tn 

the flat bones of the skull are examples, In tho 
other, and much more common ease, of which a long bone may 
be cited a8 an instance, the ossification takes place in car- 





in most bones ossification jins at more than one point; 
and from these centres of ovification, as they are called, the 
rocess oF ion of calearcous matter advances in all 
irections. nex grow by constant development of the car- 
tilage or membrane between these centres of oasifieation, until 
by the process of calcification advancing at a quicker rate than 
the Bavelbpidient of the softes stznctares fhe bons Ibsconnes tm- 





Fra, 19, 





‘Lamotte tora off from & docalcitint haman pariotal howe at some dopth trom the 
surhice 4,6 Hamel, showing roticnlar fibres; 6, 6, darker jure, whore soreral 
Inmolia are superposed: 6,¢, perforating thoes, Apertures through which perfor 
‘ating bre lad paswed, are xeon evpectally in the Jower part, 4, a, of the figure, 
Maguliude ua seca unser « power of 200, bul oot drawn lo a seale (from a drawing. 
bby Dr, Allen Thomson), 





ated throughout with calcareous matter, and can grow 
no more. In the long bones the main centres of ossification 
are seated at the middle of the shaft, and at each of the ex- 
tromitics. Increase of the length of bones, therefore, occurs at 








ih 
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bone. It contains, however, rather less animal matter; the 
proportion in 100 being 

Fr, 24, about 28 of matter to 

72 of ‘The former, like 
the animal matter of bone, mr 
be resalved into gelatin by boil- 
inertia ie 
a ly . 
with a stuall portion of the ear- 
free and traces of some other 

Its, 

Under the mis den- 
tine is seen to be ly chan= 
nelled by a multitude of fine 
tubes, which, by their inner 
ends, communicate with the 
pulp-cavity, and by their outer 
extremities come into contact 
with the under part of the en- 
amel and coment, and some- 
times even penetrate them for 
a greater or less distance. In 
theircoureftom thepulp cavity 
to the surface of the dentine, 
ben, bere on form gentle 
and nearly parallel curves, and 
divide wit aubdivide dichotom- 
ously, but without much lessen- 

Magnitied Longitudinal ection ofa ing of thelr calibre until they 
Mowspld Tooth (after Ketsius)—2, the greapproaching their peripheral 
ivory of dentine, showing the direc termination. “rom their sides 
Lena” ine auipesscy, wih te Proceed other exceedingly, mi- 
small apertures of the Wvini intoi; MUte secondary canals, which 
3, the cement oF cruita potrosa, cover- extend into the dentine between 
ing the fong as high se tho bonterof the tubules. 
the enamel at the nock, exhibiting ‘The tubules of the dentine, 


Joanie; 4the onset resting on he 
onsine; this has been worn away by the or eee ted whi 


‘use frou! the upper part. at their a 

tremity is zehn, of an inch, con- 
tain fine prolongations from the footh-pulp, which give the den- 
tine a certain faint sensitivencss under ordinary circumstances, 
and without doubt, have to do also with ite nutrition, 

‘Phe enamel, which is by far the hardest, portion of a tooth, 
is composed, chemically, of the sume clements that enter into 
the composition of dentine and bone. Its animal matter, how- 
ever, amounts only to about 2 or 8 per cent. 
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a ELEMENTARY TISSUES, 


substance. The small vsscular papilla is gradually encroached 
upon aud imprisoned by the calcareous faces until only & 
mall eS of it is left as the footh-pulp, which remains shut’ w 
in tho harder substance, with only the before-mentioned smal 


- Pro, 28. 





Hnamel bres (from Kolliker) 4f*. A, fregmonts and single Abrys OF tho enamel, 
Lestated by the ction of hydrochloric acid, H,eurfuce of a wutall fragment of enamnel, 
showlag Une hexagonal ends of the bres. 


communication with the outside, through the end of the fang. 
Tn thie manner the first eet of woth, or the milk teeth, are 
formed; and each tooth, by degrece developing, prosses at 
length on the wall of the sac inclosing it, and causing its ab- 
sorption, is uf, to use a familiar phrase. 

‘he temporary or milk tooth, having only a very limited term 
of existence, gradually decay and are shed, while the per- 
manent teeth push their way from beneath, by gradual increwse 
and development, 0 8 to succeed them. 

The temporary teeth are ten i each jaw, namely, four in- 
cisors, two canines, and four molars, and are replaced by ten 
permanent teeth, each of which is developed from a amall sac 
set by, 80 to ik, from the eae of the temporary tooth 
which precedes it and called the cavity of reserve. The num- 
ber of the permanent teeth is, however, increased to sixteen, 
hy the development of three others on each side of the jaw 
after much the same fashion ax that by whieh the milk teeth 
were themselves formed. “The beginning of the development 
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Blood-coryuwtes or blood-cells. The stractural ‘ition of 
Sharbleedsany be thus nxpreweds Renusiascka 


Clot (containing lao 

* Compurclon, ee a P 

Liquid Blood, Liquor Sanguinis J Fibrin, } Se 
or Plus, Sorum. 


When blood flows from the living body, it is a thickish 
heavy fluid, of a bright scarlet color when it comes from an 
artery; deep purple, or nearly black, when it flows from a 
vein. Lta specific gravity at 60° F. is, on an average, 1056, 
that of water Boe recl as 1000 ; the extremes consistent 
with health being 1050 and 1059. Tis temperature is generally 
about 100° F,; but it is not tho ame in all parte of fhe body. 
Thus, while the stream is slightly warmed by passing through 
the liver and some other parts, it ix slightly cooled, according 
to Bernard, by traversing the capillaries of the skin. The 
temperature of blood in the left side of the heart is, again 1° 
or 2? higher than in the right (Savory). 

he blood has « slight alkaline reaction ; and emits an odor 
r to that whieh issues from the skin or breath of the 
animal from which it flows, but fainter. The alkaline renc- 
tion appears to be a constant character of blood in all animals 
and underall circumstances, An exception bas been supposed 
to exist in the case of menstrual blood ; but the acid reaction 
Which this sometimes presents is due to the mixture of an acid 
mucus from the uterus and vagina, Pure menstrual blood, 
such as may be obtained with a speculum, or from the uteri 
of women who die during menstruation, is always alkaline, 
and resembles ordinary blood, According to Bernard, blood. 
becomes spontancously acid after removal from the body, 
owing to conversion of its sugar into Inctic acid. 

"Tie odor of blood is easily, perceived. in, the watery vapor, 
‘or hatitus aa it is callod, which rises from blood jast drawn ; it 
may also be set free, long afterwards, by adding to the blood 
amixture of equal parts of sulphuric acid and water, Ttis 
said to be not difficult to tell, by the likeness of the odor to 
that of the body, the species of domestic animal from which 
ra aeanctssiet biced hig Geka taken: the Grong door ofthe 
pig. or eat, and the peculiar milky smell of the cow, are es- 
pecially eaky to be thus discerned in their blood (Barruel). 


Quantity of Blood. 

Only an imperfoct indication of the whole quantity of blood 
in the ly is afforded by measurement of that which escapes, 
when an animal is rapidly bled to death, inasmuch as a cor 
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escaped on decapitation. Two experiments of this kind gave 
precisely similar results, 

‘The most reliable of these various means for estimating the 
quantity of blood in the body yield as nearly similar results 
as can be ex) |, when sources of error unavoidably 
present in all, are taken into consideration; aud it may be 
stated that in man, the weight of the whole quantity of 
compared with that of the body, is from about 1 to 8, to 1 to 10, 

Tt must be remembered, however, that the whole quantity 
of blood varies, even in the same avimal, considorabl a 
in correspondence with the different amounts af’ and drink, 
which may have been recently taken in, and the equally yary- 
ing quantity of matter given out. Bernard found by expori- 
ment, that the tity of blood obtainnble from a fasting 
animal is scarcely more than half of that which ix present 
soon after a full meal. The estimate above given, must there= 
fore be taken to represent only an approximate average. 


Coagulation of the Blood. © 


When blood is drawn from the body, and left at rest, cer 
tain changes ensue, which constitute a kind of rough analysi 
ce edad ace, inwroctive reepecting the.giature gtactan ch ibe 
vonstitutents, After about ten minutes, taking a general 
average of many observations, it gradually clots " 
becoming eolid like a oft jelly, Tho clot thus fk has at 
first the same volume and appearance as the fluid blood had, 
and, like it, looks quite uniform ; the ouly change seems to be, 
Hania Wood phiob mau Sael wihew ean. Sut presently, 
drope of transparent yellowish fluid begin to ooze from the 
surtace of the solid clot; and these gradually collecting, first 
on its upper surface, and then all around it, the clot ur“ crm 
vamentum,” diminished in size, but firmer than it was before, 
floats in a quantity of yellowieh fluid, which is named serum, 
the quantity of which may continually increase for from twenty: 
four to forty-eight hours after the elotting of the blood, 

The changes just described may be thus explained. ‘The 
liquor sanguinia, or liquid part of the blood (p. 95), consists of 
a thin fluid called serum, holding fibrin in solution.' The 

uliar property of fibrin, ax nlrendy snid, ix ite tendency to 
me solid wher at rest, and in sore other conditions. When, 
therefore, a quantity of blood is drawn from the vessels, the 
fibrin coagulates, and the blood-corpuscles, with part of the 











4 This statament has been left unaltered fn the text; but, * will 
bo seen further on, it requires modifieatian.—( ED.) 
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cussion concerning its origin under these circumstances, It is 
ae eral 7 SEO a eo eee 


; and as their rate af sinking increases with their 

‘ion, there is # ready explauation, at least in ofthe 

Pies tanmntry Used eels rly thas sl, 

, inflammatory ly |; 

and thus there is more time for the ney raj Sinking 

tw subside, The colorless or bi condition of the 

‘upper part of the clot is therefore, reaaly accounted for; while 
fahined appearance is sls WE by tho greater 

‘of contraction possicssed rin of inflammatory blood 

and by its contraction being now not interfered with by the 

presence of red corpuscles in its meshes. 

Although the appearance just described is commonly the re- 
sult ofa condition of the blood in which there is an increase 
in the quantity of fibrin, it need not of necessity beso. Fora 
very different state of the blood, such aa that which exista in 
chlorosis, may give riee to the same appearance; but in thie 
case the pale layer is due to a relatively smaller amount of red 
corpuscles, not Co any increase in the quantity af fibrin, 

t is thus evident that the congulation of the blood is due 
to its fibrin. The cause of the coagulation of the fibrin, how- 
ever, is still a mystery. 

‘The theory of Prot Lister, that fibrin has no natural ten- 
dency to clot, but that its coagulation out of the body is due 
to the action of foreign matter with which it happeris to be 
brought int contact, and, in the body, to conditions of the 
tissues, which cause them to act towards It like foreign matter, 
is inzufficient; because even if it be true, it still leaves unox- 

ined the manner in which the fibrin, fluid in the livin, 
Hoodvessels, can, by foreign matter, be thus made solid. If 
it be a fact, it is a very important one, but it is not an expla- 
nation. 

The same remark may be apalied also to another theory 
which differs from the last, in that while it admits a natural 
tendency on the part of the blood to coagulation, it supposes 
that thie tondency in the living bocly is restrained by eome in- 
sel hd resident in the walls of the containing vessels, 
‘This may, or may not, be true; but it is only # statement 
‘of a possible fact, and leaves unexplained the manner in which 
living tissue can thus restrain ulation, =~ 

Dr. Draper believes that lation takes place in the liv 
ing body, as out of it, or us in the dead; but in the one case 
the fibrin ix picked out in the course of the circulation by tis- 
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and solids, as the her ae and ih, comnec- 
tive tissue, &e,, which are a of ae 
tion in serous fluids, is probably identical with the of 
the red corpuscles, 

‘The fibrinogenous matter obtained from serous effusions dif. 


mi the 
fibrinoplustic matter of the blood-cells in the clot causes co- 
lation by aniting with the fibrinogen present in the 

le-fluid. “And whenever there occurs coagulation the 
production of fibrin, whether in ordinary bloodelotting, or in 
the admixture of serous effusions, or in any other way, a like 
union of these two substances may be supposed to occur. 

‘The main result, therefore, of these very interesting expori- 
ments and observations has been to make it probable that the 
idea of fibrin existing in a liquid state in the blood is founded 
on a mistaken notion of its real nature, and that, probably, it 
does not exiet at all in eolution as fibrin, but is formed at the 
moment of coagulation by the union of two substances which, 
in fluid blood, exist separately, 

"The theorias bofore Feforred to, concerning the coagulation 
of the blood, will therefore, if this be tru, resolve themselves 
into theories-concerning the causes of the union af' fibrino- 

plastin and fibrinogen ; and whether, ou the one hund, it is an 

Inhibitory action of the living bloodvessels that naturally re 
atraine, or a catalytic action of foreign matter that excites, the 
union of these two substances, 








Conditions affecting Coagulation, 


Although the coagulation of fibrin appears to be ita~ 
neous, ast is liable w be modified ty the Seats 
which it ie placed; such as temperature, motion; the access 
of air, the substances with which it is in contact, the mode of 
death, &e. All these conditions need to be considered in the 
study of the coagulation of the blood. 

‘The coagulation of the blood ie hastened by the following 
means = 


1. Moderate warmth,—from about 100° F, to 120° F. 

2, Rest is favoruble to the coagulation of blood. Blood, of 
which the whole mass is kept in uniform motion, as when a 
closed vessel completely filled with it is constantly moved, co- 
—- very slowly and imperfectly. But rest is not eseen- 

to coagulation; for the coagulated fibrin may be quickly 
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5, Imperfect aeration,—as in the blood of thase who die by 
asphyxia, 

aa inflammatory states of the system, the blood coagulates: 
more slowly although more firmly. 

7. Congilation is retarded by exelusion of the blood from 
the air, as by pouring vil on the surface, Xe. In yaouo, the 
blood coagulates aeons but Prof Lister thinks that the 
rapldity of the process is due to the bubbling which ensnes 
from the escape of gas, and to the blood being thus brought 
more freely into contact with the containing yeasel. 

‘The coagulation of the blood is prevented altogether by the 
addition of strong acids and caustic allenties. 

It has been believed, and chiefly on the authority of Mr. 
Hunter, that, after certain modes of death, the blood does not 

ulate; he enumerates the death by lightuing, overexertion 
(sn animals hunted to death), blows on the stomach, fits of 
anger. Hesays, “I have seen instances of them all.” Doubt- 
leas he had done so; but the results of such events arc not con- 
stant. The blood has been often observed coagulated in the 
bodies of animals killed by lightning or an electricshock ; and 
Mr. Gulliver has published instances in which he found clots 
in the hearts of hares and stags hunted to death, and of cocks 
killed in fighting. 


Chemical Composition of the Blood. 


Among the many analyses of the blood that have been pub- 
lished, some, in which all the constituents are enumerated, are 
inaccurate in their statements of the proportions of those con- 
stituents; others, admirably accurate in some particulars, are 
incomplete. The two following tables, constructed chiefly from 
the analyees of Denia, Lecanu, Simon, Nase, Lehmann, Beo- 
querel, Rodier, and Gavarret, are designed to combine, a3 far 
as possible, the advantage of accuracy io numbers with the con- 
‘venience of presenting at one view, list of all the constituents 
of the blood. 

Average proportions of the principal constituents of the blood 
in 1000 parts: 








Water. F ay over 


Hed corpuscles (solid residue), 130. 
Albumen of serum, 70. 
Salinn matters, toys + B08 
Extractive, fatty, and othor matters, i ip ray 
Firing, 6 ee aes 22 








WE RLOOD. 








Tie 
Birde Reptile Ange 











The abore illustration ke simewhal altered from a drawing, ty Mr. Gulliver, in thy 
Proceed. Yoo). Sootety, aud exhibits the typioal characters of the red blood-els tn 
the main divislons of the 

dat ameter, Ta the cane ol 





ertebrata, ‘The fractious are those of au inch, aud rep 


nisent the al ort, only the Kong dt 





hero given. Th is remarkable, thal although the slze of tlie red blowd-cells.rarten ai 





h bo thedldforent clases of the vertebrate Kingdom, that of tho white cory 
Ins comparatively wnlforw, and thus they wre, [0 wine antomals, wuel great 
iis others much tesa, than the ted eorposcles ex lath alee by aldo with them 





Te may lw here remarked, that the 
cf bieds, reptiles, ampbibis, aud fsb, bas been shown by Mr, Savory 
of post-mortem change; no nucleus bei 

Uring body, or ku (how which Wave Just exeapel fruus the bloody 
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1 

ecome spherical and pellucid, their colori itter being 
dissolved, ae it were, raat out of hem, me of them 
may thus be burst; tho others are made obscure; but many of 
these latter may be brought into view agnin by evaporating, 
or adding saline matter to, the fluid, so as to restore it to its 


previous density. The changes thus produced by water are 
Pipa mlesy-embeced by weak noatle weld, se omadate 
makes the corpuscles pellucid, bat dissolves few or none of 
them, for the addition of an alkuli, so as to neutralize the acid, 

ces their form ae st their ae an 
wliar property of 11 corpuscles, which is exag- 
pemted in eh ete blood, and which ap} isnemttn 
a marked degree in the blood of horses, may be here noticed. 
Tt gives them a yrent tendency to adhere together in rolls or 
doliinial ike elles of tol, and then, very quickly, ‘heey rolle 
fasten together by their ends, and cluster; so that, when the 
blood is spread out thinly on a glass, they form a kind of ir 
regular network, with crowds of eorpuscles at the several points 
corresponding with the knots of the 





net (Pig. 25), Hence, the clot 
formed in such « thin Jayer of blood 
looks mottled! with blotches af pink 
upon a white ground; in = larger 
antity of such blood, as soon ax 
the corpuscles avs clustered: and 
collected in rolls (that is, generally 
in two or three minutes after the 
blood is drawn), they begin to sink 
very quickly; for in the aggregate 
Ret corpuvclor cctiocted into they present loss surface to the re- 
nolle (after Mente), sistance of the liquorsanguinis than 
they would if sinking separately. 
Thus quickly sinking, they leave above them a layer of liquor 
sanguinis, and this congilating, forms a butfy coat, ax before 
described, the volume of which is augmented by the white 
Hyves) which have no tendency to adhere to the red ones, 
and by their lightiuess float up clear of them. 


Chemical Composition of Red Blood-cella, 

It bas been before remarked, that the red blood-corpuscles 
ane formed of a colorless stroma, infiltrated with a coloring 
matter termed hee ati As they exist in the blood, they 
contain about three-fourths of their weight of water. 

The stroma appears to be composed of a nitrogenous prox: 
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nitrous oxides, with all of which it appears to form definite 
Ley at shal hen ie oxygen is that 
wi is of most iological inportance. During 

Grabs bicodl wscngh she Lunga, 1 ia cobstanily Remedy while 
it is a8 constantly decor , in consequence of the readiness 
with which hemoglobin parts with oxygen, when the latter is 





= e! 
‘Tetrahedeal, feom blood of the guinea-pig, 

‘exposed to other attractions in its circulation through the sys- 

temic capillaries, Thus, the red corpuscles, in virtue of their 

coloring matter, which readily absorbs oxygen and ns readily 


= 
oe 


fe 
Af 
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Moxagonal crystals, from blood of mquirrel. On thiwe sixaidest plates, prismatic 
exyatais, grouped in a sellate manner, not unfrequently oscar (afer Funke), 
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that before appeared to form the whole eorpusele, remains 
attached as the nuclous of the cell (Pig, 29). 

A remarkable ‘of the white corpuscles, first observed 
‘by Mr. Wharton Jones, consists in their eapability of assuming 
different forme, irrespective of any external influence. If a 
drop of blood be examined with a bigh mi 

ier conditions by which loss of moisture ix ted, al 
the same time that the vemperatore fs maim ‘at about the 
dogree natural to the blood as it circulates in the living body, 
the Lait can be seen alternately contracting and ing 
very slowly at various parts of their chreumferenceshooting 
ont igular processes, and again withdrawing them partially 
or completely, and thus in succession assuming various irrog- 
ular forme, 

These movements, called ameboid, from their resemblance to 
the movements exhibited by an animal called the Amaba, the 
structure of which is ag simple as that of a white blood-cor- 
puscle, are characteristic of the living leucocyte, and form a 
sod example of the contractile property of protoplasm, before 
referred to, Indeed, the lepers 9 rounded form which the 

les present in i of blood examined in the 
ordinary manner under the mierascupe, must be looked wy 
as natural to a dead corpusele, or one whose vitality 
is dormant, rather than as the proper shape of one living and 
active. 

Besides the red and white corpuscles, the mieroseope reveals 
numerous minute molecules or grannies in the blood, eireular 
or ephorical, and varying in ize from the most minute visible 
ope to the sa's9 of an inch (Gulliver). These molecules 
‘are very similar to those found in the lymph and chyle, and 
are, come of them, fatty, being soluble in ether, others prob- 
ably albuminous, being soluble in acetic acid, Generally, also, 
there may be detected in the blood, especially during the 
hoight of digestion, very minute equal-sized fatt; ticles, 
similar to those of which the molocular base of chylo is con- 
stituted (Gulliver), 


The Serum. 


The serum is the liquid part of the blood remaining after 
the coagulation of the Gbrin. In the usual mode of coagula- 
tion, part of the serum remains soaked in the clot, and the rest, 
aqueezed from the elot by its contraction, lies around and over 
it, The quantity a as that aes ee a clot de- 
pends partly on the total quantity in the |, but ly 
also on the to which the clot contracts. This is allie 
4 many circumstances: generally, the faster the coagulation 











4 THE BLOOD, 


tho fulness and tension of the vowels and the quantity of fluid 
that will exude from them to keep the tissues moist. Finally, 
the water is the general solvent of all the other materials of 
the liquor sanguinia. 

It is remarkable, that the proportion of water in the blood 
may be sometimes increased even during its abstraction from 
an artery or vein. Thus Dr. Zimmerman, in Boating dogs, 
found the last drawn portion of blood contain 12 or 13 parts 
more of water in 1000 than the blood firet drawn; and Hi 
noticed a corresponding diminution in the specific gravity of 
the human blood during yenesection, and ay 

bable explanation of the fact, namely, thut, during bleed- 
Soden blood veeeels absorb very quickly a part of the serous 
ui 

Th 





with which all the tissues are moistened, 

e eer consistently with health, from 60 
to 70 parts in the 1000 of blood. The form in which it exists 
in the blood is not yet certain. It may be that of simple 
solution as pure albumen ; but it is, more probably, in combin- 
ation with soda, uw an albuminate of soda; for, if serum be 
much diluted with water, and then neutralized with acetic acid, 
pure albumen is deposited. Another view entertained by En- 

lerlin is that the albumen is dissolved in the solution of the 
neutral phosphate of sodium, to which he considers the alkaline 
reaction of blood to be due, and eolutions of whieh can 
dissolve large quantities of albumen and phosphate of lime, 
The pereentia ie in healthy blood may vary between 
2and rts in 1000. In some disenses, such as typhus, and 
othens of low type, it may be us little as 1,034; in other dis- 
enses, it is sid, it muy be increased to as much as 7.528 parts 
in 1000. But, in soe a the quantity of fibrin, chemists 
have not taken account of the white corpuscles of the blood. 
These cannot, by any mode of analysis yot invented, be eopa- 
rated from the fibrin of mammalian blood ; their composition 
isunknown, but their weight is always included in the.estimate 
of the fibrin. In health they may, perhaps, add too little to 
ite weight to merit considerution ; but in many diseanes, e=pe- 
cially in inflammatory and other blood diseases in which the 
rit is said to be increased, these corpuscles become so numer 
ous that a large proportion of the st increase of the fibrin 
toust bo duo to their being wei with it. On this account 
all the statements respecting the increase of fibrin in certain 
diseases need revision. 








the cholesterin of the bile, the cerebrin and phosphorized fat 


Po 








76 THE BLOOD, 


a the eae vein, but disappearing during its transit through 


(Bernard and in minute ities, 
Smet Sorat hers ol cine ene 
ardson); and, lastly, certsin coloring and cipal ames matters, 


Variations in healthy Blood under different Circumstances. 


As the general condition of the body depends so much on 
the condition of the blood, and at the other hand, any- 
thing that affects the body must sooner or Jater, and to a 
greater or less degree, fli. the binod ley, it mi t be ex- 

fe variations in the qualities o this faid 


of’ dis 
such is found to be the case. Even in health, bowerees the 
genernl com; of the blood varies considerabl 
e rThe conditions which appear most to influence the aoe 
sition of the blood a ith, are these: ee era 
and temperament, Liane lood is falso, of of 


ny di 
men Se rsiecent nanan diffors from that of women, 
of somowhat higher specific gravity, from its 
Sites ent larger beer pa wb of red aati 
pregnant women 
omen ae a ay than ein average, from deficlency ar red 
eae of white corpuscles, on the other 
aed ic eno lysis of Denis it that chi 
e—From the anal is it e 
blood ot the fortus is very we solid maalien and 
in red corpuscles; and this arti gradually diminishing, 
continues for some weeks after birth. The quantity of eolid 
matter then falls during aiid below the Te a oe again 
_ doring adult life, and in old age talls agai 
4. Tomperament.—But little more ie eee ieesnnig the 
conection of a with sae aa tion of on niet ses that 
there a) to be a relative! quantity of solid matter, 
and. porticularly of rod a corp ie ‘those of of a plethoric or 


cous temperament, 
 E Dict Suck difrences ia, the comport of the bd 
us are due to the tempor of various matters ab- 
phe = food fm fod » a8 well hele ered 
which must result from generous or 
iat, need be here only pe tre Bes gh 
fects of Bieeing Ris result ot Hoedingys is to led 
the specific gravity © blood; and #0 quickly, that in a 
single Resta the ion of ‘blood dmwn has often 
@ lees specific gravity than that of the blood that flowed first 
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Jet hemoglobin and deoxidized or purple beni, The 
change of volor produced by the passage of the blood thro 
the lungs, and ite rent exposure to oxygen, is due, 
ably, to the oxidation of purplo, and its conversion into searlet 
hamoglobin; while the readiness with which the latter is de- 
oxidized offers a reasonable explanation of the change, in re- 
to tint, of arterial into venous blood,—the ‘ion 


ing cflvcted by the delivering up of oxygen to the times, 
rage Sie Geta he Bedteete teh 
the capillaries. The changes of color are more probably dus 
to this caus, namely, a varying quantity of oxygen ‘cbenaleally 
combined with the hemoglobin, than to any mechanical effect: 
of this gas, or to the influence of carbonic acid, either chemi- 
cally, on the coloring matter, or mechanically, on the corpuscles 
which contain it. We aro not, porhaps, in a position to deny 
‘altogether the possible influence of mechanical conditions of 
the red corpuscles on the color of arterial and venous blood 
sepa ealy ar itis probable that this cause alone would be 
quite insufticient to explain the differences in the color of the 
two kinde of blood, and therufore if it be an element at all in 
the change, it must be allowed to take only « subordinate 
rion, 


‘Tho distinction botween the two kinds of hmmoglobin nat- 
umally present in the blood, or in othcr words, the proof that 
the addition or subtraction of oxygen involves the production 
ns} ely of two substances having fundamental differences 

ieal constitution, has been made out chiefly by epectrum- 
analy —tho ellicts produced by plucing oxidized” and de- 
oxidized solutions of hemoglobin in the path of a ray of light 
traversing a spectroscope being different, For while the oxi- 
dized solution causes the appearance of two oa bands 
in the yellow and the green part of the apectrum, these are re- 
1d by a single band intermediate in position, when the ox- 
‘dized or scarlet solution is darkened by deoxidiaing agencies, 
or, in other words, when the change which naturally ensues in 
athe of arterial into venous blood is artificially pro- 


‘Ths © part of the himoglobin in both arterial and 
venous blood probably exists in tho scarlet or more highly oe 
idized condition, und only a small part is deoxidized and made 
purple in its passage from the arteries into the veins. 

he differences in regard to color between arterial and 








1 The student to whom the terms employed in connection with 
spootrum nnulyale aro not fumilier, ix udvined to consult, with ref 
arenes to the preceding parograph, an slementary traatisn an Physios. 
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rs.also to be unusually large. ‘The whole quantity of solid 
Taser Is Genre) the diminution Bparee eo taint 
Po aod of the portal ain combining the peculiarities of 
‘vein, com! 

{ta two factory, the ia nr venoux blood, is 
usually of lower spocific gravity generally, is more 
“f Somer red purples inerinaloston city 

ees firtn clot thaun that 


righ. coe characteristi 
position of the blood itelf, and have no reference to the ex- 
traneous substances, such as the absorbed materials of the 
food, which it may contain ; neither, indeed, has any complete 
analysis of these been given. 

Comparative analyses of blood in the portal vein and blood 
in the tic veins have also been frequently made, with the 
view of determining the changes which this fluid undergoes in 
its transit through the liver. Great diversity, however, is ob- 
servable in the analyses of these two kinds of blood by dif- 
ferent chemists. Partof this diversity is no doubt attributable 
to the fact pointed out by Bernard, that unless the vein 
is tied before the liver is removed from the » hepatic 
venous blood is very liable to regurgitate into the iL vein, 
and thus vitiate the result of the analysis. Guarding against, 
this source of error, recent observers ecomed to have ~ 
mined that hepatic venous blood contains les water, albumen, 
and salts, than the blood of the portal vein; but that it yields 
a much larger amount of extractive matter, in whieh, aecord- 
ing to Bernard snd others, it one constant element, namely, 
grape-sugar, which is fonad, whether saccharine or farinaceous 
matter have been present in the food or not. 

Besides the rather wide difference betwoen the composition 
of the blood of those veins and of others, it must net be for- 

en that in its ge through Areca and tissue of 

body, the blood’s composition must be varying constantly, 
as each part takes from it or adds to it » ‘matter as it, 
evenly speaking, wiehee either to have or to throw away. 
‘Thus d lood of the ronal vein has been proved by experi- 
mont to contain. les water han docs the blood of the seterye 
and doubtless its multe mre diminished also, The blood in 
renal vein is said, moreover, by Bernard and Brown-Séquard 
not to coagulate. 

‘This then is an example of the change produced in the 
blood by its passage through a special excretory organ. But 
all bree of iy, bones, muscles, nerves, dc., must act on 
the blood as it passes through them, and leave in it come mark 
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blood ie formed, and the originally solid heart and 
Ficodvesels are hollowed out 
The blood-cells produced in this way, are from about. yy 

to y$oo of an inch in diameter, mostly spherical, pellueid, an 
cooloriece, with granular contenta, and a palaasbed nuelews, 
Gradually, they acquire a red color, at the same time that the 
nucleus becomes more defined, and the granular matter clears 
aay. Mr. Pagot deeribos thom as, at this period, circular, 
thickly disk-shaped, full-colored, and, on an average, about 
vr}y of an inch in diameter; their nuclei, which are about 
yong of an inch indinmeter, are central, cirenlar, very little 
prominent on the eurfixces of the cell, and apparently slightly 
granular or tuberculated. 

re the occurrence, however, of this ehange—from the 
colorless to the colored state—in many instances, probably, 
during it, and in many afterwards, a process of multiplication 
takes place by division of the nucleus and subsequently of the 
cell, into two, and much more rarely, three or four new cells, 
which gradually acquire the characters of the original cell 
from which thoy sprang. Fig. 30 (1, 6, p, ®). 





15,30, 
=] = 3 r 3 


Dorelopmentoof the first sett biowl-corpaseles in the manmalien embryo. 
Aotied, nucleated embryeeell in proces of conrersion into a bloed-<corpuscte 
nucleus provided with & nucleolus. 1 A sinliar coll with a dividing aueleus; atc, 
the division of the nuctevs Is complete, wk», the cell alaw ledividing. % A blood- 
corpascle almont complete, but still containing few granules, F, Nerfeot bloods 
corpuscle, 












When, in the ress of embryonic development, the liver 
begins to be formed, the multiplication of blood-cells in the 
whole mass of blood ceases, according to Kélliker, and new 
blood-celle are produced by this organ. Like thovo juat de- 
cribed, they are at first colorless and nucleated, but afterwards 
acquire the ordinary blood tinge, and resemble very much 
those of the first set. Like them they may also multiply by 
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wife mre ply leas closely those parts of the body 
lie more realy within our piers 
been said, it will es am that seed 
thet toed oats ia formed, ite id maiatenanes are 
fected by the constant repttidon of thai developsent af 
portions In the same proportion that the blood isla lcs 
mete for the maintenance and repair of the several solid 
es, and for sccretions, so are new matcrials su; toit 
in ee, lymph and chyle, and by development made like it. 
The Pals tthe process which relates to the formation of new 
has been described, but it is sheen only # small 
clean of the whole eal = tee a ad 
‘materials 


to the bl 
immeasurable minute tera pes which eee a is ee 
for the nutrition of evory tissue, and the maintenance of every 
peculiar’ ler How precise the assimilation must be for 
such an adaptat be conceived from some of the cases 
in which the bl ood is patina by disease, and by assimilation is 
maintained in ite altered stato. For example, by the ineor- 
tion of vaccine matter, the blood is for a short time manifestly 
diseased; however minute the lise of virus, it affects and 
alters, in some way, the whole of the blood. And the alteration 
thus reduced, ioponall esl yaieN as it must be, is long main- 
tained; for even arp ear after a successful vaccination, a 
second insertion of the virus may have no eifect, the bh 
ee no longer amenable to its influence, because the new 
after the vaccination, is made like the blood as 
altered by the vaccine virus; in other words, the blood exactly 
assimilates to its altered self the materials derived from the 
hand chyle. In health we cannot se the precision of 
1¢ adjustment of the blood to the tissues ; but we may i 
it from the emall influences by which, a# in vaccination, it is 
disturbed ; and we may be sure that the new blood is a8. per- 
fect! assimilated to the healthy standard as in disease it ie as- 
simi to tho most rinutel “altered standard.t 





¥ Sorrpepenil cts in relation to the maintenance of the tissues 
by asimilation will bo mentioned in the chaptor on Nurairion, 


A, 
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portant purpose; as, for instance, the preservation of the due 
Peasant pa riyotiata onlin acm etm iousltiy ty -ehich 
it ‘nnbled ‘to maintain its proper relation to the yesels con 
tnining it, and to the tiseuca zhu which it passce. Lastly, 
among the constituents of the blood, are the gases, oxygen, and 
carbonic acid, and the substances specially adapted to carry 
thom, which can scarcely be eaid to take part in the nutrition 
of the body, but are rather the means and evidence of the 
combustion befure referred to, on which, to a greab extent, 
direetly or mane all vitality depends. 

Albumen.—The albumen, which exists in #0 large a propor: 
tion among the chief constituents of the blood, is without 
doubt mainly for the vourishment of those textures which 
contain It or other compounds nearly allied to it, Besides ice 

in nutrition, the albumen of the liquor eanguinis 
Houbtlees of importance aleo in the maintenance of those essen- 
tial physical ies of the blood to which reference has 
been already m: 

Fibrin.—1t hax been mentioned in a previous part of this 
chapter, that the idea of fibrin existing in the blood, as fibrin, 
is probably founded in error; and that it is formed, in the act 
of coagulation, by the union of two substances, which before 
exited, ely (p. 61). Tn coneidering, therefore, the func- 
tions of fibrin, we may exelude the notion of its existence, 
such, in che blood, in fluid state, and of its use in the nu 
tion of certain special textures, and look for the explanation 
of ita functions to those circumstances, whether of health or 
diseasc, under which it is produced, In hemorrhage, for ex- 
ample, the formation of fibrin in the clotting of blood, is the 
means by which, at least for a time, the bleeding is restrained 
or stopped ; and the material which is produced for the per- 
manent healing of the injured part, contains & coagulable ma- 
terial paar identical, or very nearly so, with the fibrin of 
clotted blood. 

Fatty Matters, —Vhe fatty mattors of the blood subserve more 
than one purpose, For while they are the means, at least in 
part, by which the fat of the body, so widely distributed in the 
Proper adipose and other textures, is replenished, they also, by 
their union with oxygen, assist in maintaining the temperature 
of the body, _In certain secretions also, notably the milk and 
bile, fat is an important constituent, 

Saline Matter—The uses of the saline constituents of the 
blood are, first, to enter jnto the composition of such textures 
and secretions as oaturally contain them, and, secondly, to 
auasist in preserving the due specific gravity and alkulinity of 
the blood and, perbups, lat tx preventing tr dbcomporlilon. 
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CHAPTER VI. 
CIRCULATION OF ‘THER WLDOD. 


‘THe body is divided into two chief cavitiee—the chest or 
thoraz wud ‘abdomen, by a curved muscular partition, called 
the genie (Pig. $1), The chest is almost entirely filled 
hy the lungs and heart; the latter being fitted in, 40 to speak, 
between the two lungs, nearer the front than the back of the 
chest, and partly overlapped by them (Fig. 31), Each of 
these organs is contained in a distinet bag, called respectively 
the right ao tft pleura andthe peticardiam, the later being 
fibrous in the main, but lined on the inner aspect by a smoot 
ig epithelial covering, on which can glide, with but little 
friction, the equally smooth surface of the heart enveloped by 
it. To Fig. 81 the containing bags of pleura and pericardium 
are euppored to have been removed, Entering the chest from 
above tea large and long air-tube, called the trachea, which 
divides into two branches, one for cach lung, and through 
which air paswes and repasies in respiration, Ess ing from 
the upper part or buee of the heart may be soon the large vee 
sels, arteries, and veins, which convey blood either to or from 
this organ. 

Tn the living body the heart and lungs are in constant 
rhythmic movement, the reault of which ia an unceasing stream 
of air through the trachea alternately into and out of the 
lungs, aod an unceasing stream of blood into and out of the 

eart. 

It is with thie last event that we are concerned especially in 
this chapter,—with the meuns, that is to say, by which the 
blood which ut one moment is forced out of the heart, is in a 
fow moments more returned to it, agnin to depart, and again 
pase through the body in course of what is technically called 
the cfrewlation. The hoes for which this unceasing cur- 
rent is maintained, are indicated in the uses of the blood enu- 
morated in the preceding chapter. 

‘The blood is conveyed away from the heart by the arteries, 
und returned to it by the veine; the arteries and veins being 
continuous with each other, at one end by means of the heart, 
and at the other by a fine network of vessels called the capil. 
faries, The blood, therefore, in ita passage from the heart 
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named, it will. be noticed also in the sume figure, that there is 
another, by which a portion of the stream of blood having 
boon diverted once into the capillaries of the intestinal canal, 
and some other organs, and gathered up again into a single 
stream, is a second time divided in ita passage through the 





Pie 





Dingrans of the circulation. 


liver, bofore it finally reaches the heart and completes a ravo- 
lution. ‘This subordinate atream through the liver is called 
the portal cirenlation. 

\¢ principal force provided for constantly moving the 
blood through this course is that of the muscular substanco of 
the heart; other aseietant forces are, (2) those of the clastic 
walls of the arteries, (3) the pressure of the muscles among 
which some of the veins run, (4) the movements of the walls 
‘of the cheat in respiration, and probably, to some extent, (5) 
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capillarics, where it aguin becomes dark and impure, and 
thence into the branches of the eyetemic veins, which, forming 
by their union two large trunks, called the superior and ine 
ferlor vena cava, discharge their contents into the right auricle, 
whence we aupposed the blood to start (Fig. 33), 








Pro, &% 





Diagram of the cireulation through the heart (after Datlony, 4. Vena cava, ane 
yerlor and tnfertor, b, Ilght veutriele, ¢, Pulmonary artery, a Pulmovary vein, 
Toth reutriols J Aorta, 








Structure of the Valves of the Heart, 


It will be well now to consider the structure of the valves 
of the heart, and the manner in which they perform their fune- 
tion of directing the stream of blood in the course whieh has 
been just described. ‘The walve between the right auricleand 
ventricle is named friowspid (Fig. 84), because it presents three 
principal eusps or pointed portions, and that between the left 
auricle and ventricle biewsgrd or mitral, because it has two such 
portions (Fig. 35). But in both valves there ie between each 
two principal portions a smaller one; # that more properly, 
the tricuspid may be described a» consisting of six, and the 
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portions, #0 4s to form an annular membrane around the auric- 
ulo-ventricular: ing, being fixed to a tendinous ring, which 
encircles the between the auricle and vontricle, and 
‘receives tho insertions of the muscalar fibres of both. In each 
principal portion of the valve may be distinguished a middle- 
piece, extending from its base 4 is apex, aud including about 

alf ite width; this ix thicker, and much to and 
tighter than the pieces, which are attached looee und 


Flapping at its siden 
ile the bases of the several portions of the valves are 
fixed to the tendinous rings, their ventricular surfaces and 
borders arc fastened by slender tendinous fibres, the chorda: 
tendinece, to the walls of the ventricles, the muscular fibres of 
which project into the ventricular cavity in the form of bun- 
dios or columns—the ¢eolumna carnec. columns are not 
all of them alike, for while some of them ure attached along 
air whole feet Be me and by pre aesa Bes 
ers are ntiacl ; and « third set, 
ave Has Blea slven, are at. 
‘ventricle by one extremity only, the 
-like, into the cavity of the ventricle 
ie oad to it chard tendinen. OF 


to the margins of 
kewl pos Paes toussaie parte Oe lgueat nea. 
strength, w sani parts to ie mid 
“lle proces of tho weveral ebief of the valve. The ends of 
these brea rape ae cones ‘of the valve, ving 
its middle-piewe its a nd to 5 and from 
the sides numerous other more slender branching cords 
are given off, which are attached all over the veutricular eur- 
face of the adjacent border-pieces of the principal portions of 
the valves, a8 well as to those smaller portions which have 
bean mentioned a ying between ench two principal ones 
Morcover, the mi i papillores are so placed thut from the 
summit of each tendinous cords may proceed to the adjacent 
halves of two of the principal divisions, and to on interme- 
diate or smaller division, of the valve. 

At has been alroudy enid that while the ventricles communi- 
cate, on the one hand with the auricles, they communicate, on 
the other, with the large arteries which convey the blood away 
from the heart; the right ventricle with the pulmonary art 
(6, Fig. 34), which conveys blood to the lungs, and the let 
veutricle with the aorta, which distributes it to the general 
system (7, Fig. 35), And ns the anriculo-ventriculur orifice 








STRVCTURE OF NEART'S VALV FS 95 


+ guarded yyy memaaanl 
opr flee aorta (Figen. 34, 


Pa 


"Weer cut ef view, 1 the two right pulmonary veins 
yaar seen within the wuriele; 1, placed within the cavity 


2 inary porcine of the wall of the auricle and veutzicle pre- 

g warleulivesarseular orifice; 2,2. the eut mace of the walls of 

ta teweren very muarh thinner towards 2°, ak the apex; 4.2 amuait 
wall of fhe fot wrareicle which has been 
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The valves, three in number, which guard the orifice of each 
of these two ies, are called the semifinar valves. They 
are nearly alike on both sides of the heart; but those of the 
aorta are altogether thicker and more strongly eonstructed 
than those of the pulmonary artery. Like the tricuspid and 
mitral valves, they are formed by « duplieaturo of the lin 
membrane of the heart, strengthened by fibrous tissue, Eacl 
valve is of semilunar shape, its convex margin being attached 
to a fibrous ring at the place of junction of the artery to the 
ventricle, and ieconcraes noarly straight border being free 
(Fig, 35). In the centre of the free edge of the valve, which 
contains a fine cord of fibrous tissue, is a small fibrous nodule, 
the corpus Arantii, and from this and from the attached bor: 
der, fine fibres extend into every part of the mid substance of 
the valve, ¢: asmall lunated space just within the free 
ro att each of ae Arantii, Tere the valve is 
thinnest, and composed of little more than the endocardium, 
‘Thus constructed and attached, the three semilunar valves aro 
placed side by side around the arterial orifice of each ventricle, 
0 ux to form three little pouches, which can be thrown back 
and flattened by the blood passing out of the veutricle, but 
which belly out immediately so as to prevent any return (6, 
Fig. 84). This will be ngain referred to inmeditely. 

ie muscular fibres of the heart, unlike those of most in- 
voluntary muscles, t a striated appearance under the 
microvoope. (See chapter on Motion.) 


TRE ACTION OF THE Mhawn, 


‘The heart's action In propelling the blood consists in the 
successive alternate contractions and dilatations of the musou- 
Jar walls of its two auricles and two ventricles, The auricles 
contract simultaneously; eo do the ventricles; their dilatations 
also are severally simultaneous; and the contractions of the 
Soper of cavities aro synchronous with the dilatations of the 


other. 
‘The deseription of the ution of the heart may best be cor 





principal aolerior colomes earn 
‘oult paptllures; 0 tho Hert sis 
the eavlly oF the left yentriclo; 6, 6, 






uscolus jeapitlnris attaches to Ht) 6, mus 


valve; bicb are banging lowely Logetier 1%, the exterior of the great aortic sinus, 
{the root of the pulmonary artery and Ite semiluoar ynlves; #, the separated por- 
show of the suluonary ariery cemalning aitethed to The aorta Vy 0, the cord of tho 
Anctas nrtoriowsn WO, he arteries rising from thesonimit of theacrticarch, (Prom 
Guain’ Anatomy.) 
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ent; especially in the warmer-blooded animals, in which the 
movements in question are rapid. Nor is this for any other 
reason than it in in n piece of machinery, in which, though one 
wheel gives motion to another, yet all the wheelseem to move 
simultaneously; or in that mechanical contrivance which is 
adapted to fire-arme, where the trigger being touched, down 
comes the flint, strikes agninst the steel, elicits a spark which, 
falling among the powder, it is ignited, upon which the flame 
oxieute; enters the |, causes the explosion, propels the 
ball, and the mark ix attained—all of which incidents by reason 
ofthe celerity with which they happen, seem to take pluce in 
the twinkling of an eye.” The ventricles contract much more 
ipsa tbstgaly cm pay thrsclvs cfttog tae sepa 

|way roughly en jernse jing in this respect 
fee tba ree which, even after their Taiplete and 
tion, 2 small quantity of blood remains, The form and position 
of the feel poseenteieees pa walls eae ride Se, 

. |, especial! to produce this obliteration 

Tiel cavities during thelr Parka ie and the completeness 
of the clesure may often be observed on making a transverse 
section of a heart shortly after death, in any ease in which the 
contraction of the rigor mortia ie very marked. In such mease, 
only aeentea fire may be discernible the eye in the place 
of the cavity of each ventricle. 

At the same time that the walls of the ventricles contract, 
the fleshy columns, and expecially those of them called the 
muscult popilares contrict also, and assist in bringing the 
margins of the auriculo-ventricular valves into apposition, #0 
‘that they close the auriculo-ventricular openings, and prevent 
the ward passage of the blood into the auricles (p, 100). 
‘The whole force of the ventricular contraction ix thus directed = 
to the propulsion of the blood through their arterial orifices. 
During time which elapees between the end of one con- 
traction of the ventricles, and the commencement of another, 
the communication between them and the great arteries—the 
aoria on the left side, the pulmonary artery on the right—ia 
closed by the three serilunar valves situated at the orifice of 
each vessel. But the force with which the current of blood is 
propelled by the contraction of the ventricle sepurntes those 
valves from contact with each other, and presses them back 

the sides of the artery, making & for the 





stream ‘Then, as soon ns the ventricular contraction 
ceases, the elastic walls of the distended artery recoil, and b: 


proesing the blood behind tho valves, force them down towards 
the centre of the vesecl, and spread them out so as to close the 
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LATION. 





During auricular contraction, the force of the blood pro- 
pelled into the veatricle is transmitted in all directions, but 





Pio. 





Diagrams of valves of the heart (after Dalton 


being insufficient to raise the semilanar valves, it is ex; 
low. 


in diatonding the ventricle, and in raising and gradual 
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‘The arlerial or semihunar valves are, ns already said, brought 
into action by the re of the arterial blood forced back 
towards the ventricles, when the elnstic walls of the arteries 
recoil after being dilated by the blood led into them in 
ae previous contraction ; the ventri “4 Tho areas 
arteries is, i iar manner, adapted to bri ie 
valves into action. ‘the lower borders af estore 
ure attached to the inner surface of a tendinous ring, which is, 
as it were, inlaid, ut the orifice of the artery, between the mus- 
cular fibres of the ventricle and the elastic fibres of the walls 
of the artery. The tissue of this ring is tough, does not admit 
of extension ander such pressure as it ix commonly exposed to; 
the valves are equally inextensile, being, a4 siready mentioned, 
formed of |, close-textured, fibrous tissue, with strong in- 
terwoven and covered with endocardium. Hence, when 
the ventricle propels blood through the orifice and into the 
conal of the artery, the lateral which it exercises is 
sufficient to dilate the walls of the artery, but not enough to 
stretch in at on degree, if at all, the unyielding valves and- 
the ring to which their lower borders are attached. The effect, 
therefor, of each such propulsion of blood from the ventricle 
is, that the wall of the first portion of the artery is dilated into 
three pouches behind the valves, while the free margins of the 
valves, which had previously lain in contact with the inner 
surface of the artery (as at A, 37), aro drawn inward 
towards its centre (Fig. 37,8). Their positions muy be ex- 





y 3B 
‘ i e 
rotons of aorta. jo shew the jetion of he sevnlTuKne valves 4 M9 Intended to 
‘show the valves, pepresrute hy the ovte Toes, In contact with (he artertal walls, 
represented by the contioveus outer tine. m (after Mariter)ahows the artorial wall 


Aistooides inte Sree powclves (#), sud drawn away from the valyon, whieh arw straight 
‘ened into tho form of an equilateral triangle, as represontod by the dotted Lines, 


ined by the foregoing diagrams, in which the continuous 
Jie pd a Sarees section of the arterial walls, the 


a _ 
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the muscular substance of the ventricle, Availing himself of 
a method of dissection appar. 
Fra. m9, ently overlooked, namely, that of mak~ 
ing vertical sections (Fig. 89) through 
‘various of the tendinous 


tA rit ee ehow ly 
tthe morta ai Imouary artery, 
- ‘ their tercination, 


vessel over and rests opon the 
sbpeter! bagad brace igh Be 

rted, us it were, on a kind of museu- 
[ir floor formed by the free border of 
_dericusenargon the ene, The reat of this a 

rangement wil ux 

volt vniccle: Section of the blood will be most efficiently sus 
valve. &Beetlon of ventricle. tained by the ventricular wall.’ 

The of the blood’s presure on 
the valves is, a8 said, to cause their margins to meet in three 
Vines gaat from the centre to the circumference (7 aud 
Fig. 38), e contact of the valves in this positton, and the 
complete closure of the arterial orifice, are secured by the pe- 
culiar construction of their borders before mentioned. Among 
the cords which are interwoven in the substance of the valves, 
are two of greater strength and prominence than the rest ; of 
which one extends along tho free border of cach valve, and 
the other forms a double curve or féstoon just below the free 
border. Each of these cords is attached by its outer extremi- 
ties to the outer end of the free margin of its valve, and in the 
waist to "ai corpus Seer be etree » poem 
“| aie Rei Dis i 6 ae a rag seco 
the pliant 





substance of the valve is much thinner and more 

than elsewhere. When the valves are pressed down, all these 
parts or spaces of their surfaces come into contact, and the 
closure of the arterial orifice is thus secured by the apposition 
not of the mere edges of the valves, but of all those luna 
ted parts of each, which lie between the free edges and the 

next below them, These parte are firmly pressed to- 
gether, aud the greater the pressure that falls on them, the 





(Mr Sweorp's fltepurations, {llustrating this and other points in 
relation to the structure and functions of the valves of the heart, are 
in the museurn of St, Bartholomew's Hospital, 


» 
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tricular valves. The pause immediately follows the second 
sound, and corresponds in ite first part with the completed dis- 
tension of the auricles, and in its second with their contraction, 
and the distension of the ventricles, the auriculo-ventricular 
valves being all the time open, and the arterial valves closed. 
"The chief case of the first sound of the heart appears to be 
the vibration of the auriculo-ventrieular valves, and aleo, but 
‘to a less extent, of the ventricular walls, and coats of the aorta 
and pulmonary artery, all of which 
‘astate of tension at the moment 





to the other end, the 
imitated by forciog in more water, and thus suddenly 
the walls of the intestine more tense. 

‘The cause of the eccond sound is more simple than that of 
the first, It is probably due entirely to the sudden closure and 
ent vibration of the semilunar valves when they aro 
down across the orifices of the aorta and pulmonary 
artery; for, of the other events which take place during the 
second sound, none ix calculated to produce sound. Ths in- 
fluence of the valves in producing the sound, is illustrated by 
the exporiment alroady quoted from Valentin, and from others 
on large animals, such as calves, in which the results 
could be fully appreciated, Tu these experiments two delicate 
curved needles were inserted, one into the aorta, and another 
into the pulmonary artery, below the line of attachment of the 
eemilunar valves, and, after being carried upwards about half 
an inch, were brought out again through tw coats of the re- 

ive vessels, 40 that in each veasel one valve was incl 
between the arterial walls and the wire. Upon applying the 
stethoscope to the vessels, after such an operation, the second 
sound had ceased to be audible, Disease of these valves, when 
‘80 extensive ns to interfere with their efficient action,alzo often 


One reason for the second sound being cleareraud sharper 
‘one than the first may be, that the semiluoar valves are not 
covered in by tho thiek layer of fibres composing the walla of 
the heart to such an extent as are the auriculo-ventricular, It 
ae ‘be expected therefore that their vibration would be more 
bs heard through a stethoscope applied to the walls of the 


‘The contraction of the auricles which takes place in the end 


» 
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ui movement of the ‘ensues when its apex is cut off, 
and when, therefore, wo tension or change of form ean be pro- 
PStiogh wht we sry recount mp of the 
thou; at Wo 

hearts prodect t in the way just real ire bet jae not 
so simple x shock us it may seem ee only felt 

By means of an instrument 

ene reef 


the great 
aoe aay isa ne ydiiated ‘at one end into a cup or 
funnel, either open-mouthod or closed by an clastic membrane, 
while at the other it communicates with the interior of a emall 
metal drum, one side of which is formed by an elastic mem- 
brane, on which rests a finely-balanced lever, like that of the 


sph: ph (Fig. 42). 
Rien tad, se tiny Gt one end oF she tab te’plased ieames 
sane over the part of the chest-wall at which the of 
the heart heats; while the lever on the drum is placed in con- 
tact with a arson SPST: (Seo description of 
ee hen the heart beata, the shock commu- 
of impulses to the column of air in the now 
closed tube, with the Pfvct of raising the elastic wall of the 
drum, und of course the lever which is attached to it, A 
tracing of the heart’e impulse is thue el ae the same 
wat as the pulse, in the arteries (Fi, and 45). 
tracing shows that besides the eps te ae alone 
the fingor recognizes as the impulse of the heart, and which is 
caused by the contraction of the ventricles, there are other 
minor shocks mae are imperceptible tw the touch. The 
latter, M. Marey, by experiments on the lower animals, has 
proved to be the Dies respectively, of the contraction of the 
suricles, and of the closure of the ‘aerlculo-renetioalar and 
semilunar valves. 





Frequency and Fores of the Heart's Action. 


with which the heart performs the setions 
whe Enis may iS Palais by the oa at the bee 
or in any other 1 these co 
ore sdatly ree pon: 
‘The heart of » healthy adult man in the middle period of 


ll 
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summit of Mont Blanc, his pulse was about double the onii- 
nary standard all the time he was there. After six hours’ 
perfect rest nnd sleep at tho top, it was 120, on descending to 
the corridor it fell to 108, wt the Grands Muleta it was 85, at 
Charmounix 56; normally, his pulse is 60. 

Tn health, there is Recreate as Corie relation Is 
tween the frequency of the pt and of the respirations ; 

Sebel icte ty ni equips od tbe Waar one 
four of the former, The «ame relation i generally main- 
tained in the cases in which the pulse is natunully accelerated, 
‘as after food or exercise; but in disease this relation usually 
censes to exist, In many affections accompanied with in- 
creased frequency of the pulse, the respiration is indeed, also 
accelerated, yet the degree of Sts acceleration bears no definite 

roportion to the increased number of the heart's actions, and 
in many other casea, the pulac becomes more frequent without 
any accompanying increase in the number of respirations; or, 
the respiration alone may be accelerated, the number of pul- 
ations remaining stationary, or even falling below the ordi- 
nary stwndard. (On the whole of this subject, the article 
Pale, by Dr. Guy, in the Oyolopadin of Anatomy and Physi: 
ology, may be advantageously consulted.) 

“The force with which the left ventricle of the heart contracts 
is about double that exerted by the contraction of the right: 
being equal (according to Valentin) to about goth of the 
weight of the whole body, that of the right being equal only 
to pfoth of the sume. This difference in the amount of force 
exerted by the contraction of tho two ventricles, results from 
the walls of the left ventricle being about twice as thick ax 
those of the right. And the difftrence is adapted to. the 
greater degree of resistance which the left ventricle has to 
‘overcome, compared with that to be overcome by the right; 
the former having to propel blood through every part of the 
body, the latter only through the lun; 

‘The foree exercised by the auricles in their contraction has 
not been determined. Neither is it known with what amount 
of force either the auricles or the ventricles dilate; but there is 
no evidence for the opinion, that in their dilatation they ean 
materially assiet the ¢irculation by any euch action as that of 
a sucking-purop, or a caoutchoue bag, in drawing blood into 
their cavities. That the force which the ventricles exercise in 
dilatation is very slight, has been proved by Oesterreicher. 
‘He removed the heart of a frog from the body, and laid upon 
it a substance sufficiently heavy to press it'flat, and yet 20 
stuall as not to conceal the heart from view ; he then ol 
that during the contraction af the heart, the weight was mised ; 
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time 5 arrested by 
a violent shock applied am injury of the stomnch. 
While, therefore, we must admit an. ‘or occasional in- 


‘The persistence of the movements of the heart in their 
lar rhythmic order, after its removal from the body, and 
peared i being then bce nn gd! an ordinary stimulus 

ceased, prove 
Tents vat be resent widen thy heart Heel: Ae ieaaass 


of the heart. These ganglia iF TO act As sO MANY centres 
or organs for the production jotor impulses; while the con- 
necting nerve-ibres unite them into one and enable 


muscles of the heart, The mode in which jin thus act as 
centres and co-ordinators of nervous power will be described in 
the chapter on the Nervous Syeram; and it will appear prob- 
able that the chief peculiarity of the heart, in this respect, 
due to the number of its ganglia, and the apparantly equal 
power which they all exercise ; 20 that there is no one part of 
the whose action, more thin another's, determines the 
actions of the mst. Thus, if the heart of a reptile be bisected, 
the rhythmic, successive actions of auricle and voutricle will 
0 on in both halves: we thereforc eunnot say that the action 
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the sympathetic nerves, on the other hand, accelerates and 
strengthens the heart's action. 
Various theories have been proposed to account for these 
irelenmnlicntnaltr pellet inc, and it 
as probable that many more facts must be disco before 
any theory on the subject can be permanently maintained. 
The cobnection of the action of the heart with the other 
organs, and the influences which it is subject through them, 
are explicable from the connection of its nervous «yetem with 
the ather ganglia of the sympa shat :, and with the brain and 
inal cord through, chiefly, the pneumogustric nerves. But 
ia influence is proved in u much more striking manner by 
the phenomena of disease than by any experimental or other 
physiological observations. ‘The influence of a shock in arrest= 
ing or modifying the action of the heart,—its very slow action 
afuacs Glau senstnvick Nea! Crane injury to the cervical 
tion of the spinal cord,—ite irregularities and palpitations in 
Ee hace and bysteria,—are better evidence for the connection 
of tho heart with the other orguns through the nervous sya 
tem, than are any results obtained by experiments. 








Rfects of the Heart's Action, 


‘That the contractions of the heart supply alone a sufficient 
force for the circulation of the blood, appears to be established 
by the results of several experiments, of which the followin, 
is ono of the most conclusive: Dr, Sharpey injected bullock’s 
blood into the thoracic aorta of a dog recently killed, after 
tying the abdominal aorta above the renal arteries, and found 

‘at, with a force just equal to that by which the veutriole 
commonly impels the blood in the dog, the blood which he in- 
jected into the aorta passed in a free stream out of the trunk 
‘of the vena cava inferior. It thus traversed both the systemic 
and hepatic capillaries; and when the aorta was not tied 
above the renale, blood injected uader the same pressure 
flowed freely through the vessels of the lower extremities, A 
pressure equal to that of one and a half or two inches of mer- 
cury was, in the same way, found sufticient to propel blood 
through the vewsels of the lungs. 

But although it is probwbly true that the heart's action 
alone ie sufficient to insure the cireulation, yet there exist 
several other forces whieh are, as it were, supplementary to 
the action of the heart, and agsiet it in maintaining the circu- 
lation, The principal of these supplemental forces have been 
qlrendy alluded to, and will now be more fully pointed out, 
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‘The function of the arteries is to convey blood from the 
heart to all parts of the body, und each tise which enters 
into the construction of an artery has a special purpose to 
sorve in thie distribution. 

(1.) The externa] coat forms a strong and tough investment, 


Fro. a0. Fa 





Fo. 40.—Musculsr Obreeelix from humen arteries, magnified $30 diameters 
{Kolitkor} a, natural state b, treated with acetio aol, 

Fx 44—Portion of fenestrated mesibrave from the craral artery, magnided 300 
inmeters. a,b, ¢, perforations (from Hente), 


which, though capable of extension, appears principally de- 
signed to strengthen the arteries and to gus pane their 
excessive distension from the foree of the heart's action. In 


toy th eee arterial eae ee 
) The pury elastic tissue, which eaters so langel 
into the formation of all the coats of the arteries, is, 1st. 1 
rd the arteries from the suddenly exerted prosure to which 
they are subjected at each contraction of the ventricles. In 
every such contraction, the contents of the ventricles are forced 
{oto the arteries more quickly than they ean be discha: 
into and through the capillaries. The blood therefore being, 
for an instant, resisted in its onward course, a part of the force 
i it was impelled ts directed against the sides of the 
arteries; under this force, which might burst a brittle tubo, 
their elastic walls dilate, stretching cnough to receive the 
blood, and as they stretch, becoming more tense and more 
resisting. ‘Thus, by yielding, they, us it were, break the shock 
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creases, but that it equalizes or diffuses the force derived from 
‘the periodic contractions of the veutricles. The force with 
which the arteries are diluted every time the ventricles con- 
truct, might be said to be received by them in store, to be all 
fiven out in the next eucceeding period of dilatation of 
vyentricles. It is by this equalizing influence of the suc- 
cessive branches of every artery that, at length, the intermit- 
tent accelerations produced in the arterial current by the action 
of the heart, cass to be observable, und the jetting stream is 
converted into the continuous and équahle movement of the 
blood which we see in the capillaries and veina. 

In the production of a continuous stream of blood in the 
smaller arteriea and capillaries, tho resistance which is offured 
to the blood-stream in the capillaries (p. 136), isa necessary 
agent. Were there no greater obstacle to the escape of blood 
from the arterios than exists to its enfrance into them from the 
heart, the stream would be intermittent, notwithstanding the 
elasticity of the walls of the arteries. 

Tt is the resistance which the left ventricle meets with in 
forcing blood into the arteries that eauses part of the force of 
its contraction to be expended in dilating them, or, a8 before 
remarked, in laying up in them a power which will act in the 
intervals of the ventricle’s contraction. 

(3,) By means of the elastic tissue in their walls (and of 
the muscular tissue also), the arteries arc enabled to dilate and 
contract readily in correspondence with uny temporary increase 
or diminution of the tou! prasiliy blood in the body ; and 
within a certain range of diminution of the quantity, still to 
exercise due pressure on their contents, 

‘The elastic coat, however, not only assiste in restoring the 
normal calibre af an artery after temporary dilatation, but 
also (4), may aasist in restoring it aftor diminution of the cali- 
bre, whether this be caused by a temporary contraction of the 
moxcular coat, or the application of a compressing force from 
without. This action of the elnstic tissue in arteries, is well 
shown in arteries sve contract case death, but regain iste 
average patency on cessation st-mortem rigidity (p. 
119° ( By means of their laste coat the arteries are 
enabled to adapt themselves to the different movements of the 
several parts of the body. 

We have alrendy referred to the fact that the middle coat 
of the arteries is composed of uustriped muscular fibres, mingled 
with fine site Alenent ae Cle for anes 
controctility of arteries may, however, iver briefly for the 
take of the physiological facts on which it hinges, 

(1) When a artery in the living walject exposed 
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Eis there was et little alteration perveived in the ine 
of the veins, 
ath ) The influence of cold in increasing the contraction of 
ivided artery has been referred to: it has been shown, 
by Schwann, in an experiment ou the mesentery of a 
ieee toad. Having extended the mesentery under the micro- 
scope, he placed ce it a fewdrops of water, the eae 
of which was some degrees lower than that of the atmi 
‘The contraction of he viaadls oo soon commenced, and rally 
inerensed until, at the expiration of ten or fifteen minutes, the 
diameter of the canal of an artery, which at first was 0.0724 
Sele line, was reduced to 0.0276. The arteries then 





in many other parts, as well as in the arterial coat; as, ¢.9., 
in, tho dartoa, and the walls of the bronchi. 


5 
= 
= 





Gy Lasily, satisfctory evidence of the ine ee oH a 
arterial conte ia furnished by the experiments of Ed 
HL Weber, and of Professor Kélliker, in pate ey 


the stimulus of electro-magnetiam to stnal 
ee edie Weare reteaeion ie waa aiers 


tainod 
exceed from } to yy of a Paris line. When a veewel of this 


La 
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pathetic system supplied to the organs nourished by these earno 
arteries, , any condition in these as which causes 
ta gesiees aoa if amount of bi Bete reat 
jess, produces a certain impression on their 1 by 
these the impression! carried ito the Biel ahaaee re. 
flected along the nerves which supply the arteries. The mus- 
cular element of theae vessels responds in obedience to the 
impression con: to it by the nerves; and, according to ita 
contraction or dilatation, is a larger or smaller quantity of 
blood allowed to pass, 

Another function of the muscular elewent of the middle 
coat of arteries ix, doubtless, to co-operate with the elastic in 
adapting the calibre of the vessels to the quantity of blood 
whieh contain. For the amount of fluid in the blood- 
vessels varies very considerably even from hour to hour, and 
ean never be quite constant ; and were the clastic tissue ouly 





present, the pressure exercised by the walls of the containi 
Yewels on the contained blood would be sometimes very =e 
and sometimes inordinately great. The presence of a muscu. 
lar element, however, eed for a certain uniformity in the 
amount of pressure exercised ; and it is by this adaptive, uni- 
form, gentle, musoular contraction, that the fone of the blood- 
vessels is maintained. Defielency of this tone is the cause of 
the soft and yielding pulse, and ite unnatural excess of the 
bard and tense one, 

‘The elastic and muscular contraction of an artery may also 
be regarded as fulfilling a natural purpose when, the artery 
being cut, it first limite and then, in conjunction with the cong- 
UIASEY Grin, arrdeta tHe esempe cf Blood. It f@ only ia conker 

uence of such contraction and cougulation that we are free 

m danger h even very ‘light wounds; for ft is only 
whon the artery is closed that the processes for the more perma- 
nent and secure prevention of bleeding are established. 


Mr. Savory has shown that the natural state of all arteries, 
in rey at least to their length, is one of tension—that they 
are iy more or less stretched, and ever ready to recoil by 
virtue of their elasticity, whenever the opposing force is ré= 
moved. The extent to whieh the divided extremities of ar- 
tories retract is a measure of this tension, not of their olasticity. 

From what has beeu said in the preceding pages i appears 
thnt the office of the arteries in the circulation is—Ist, the 
conveyunce and distribution of blood to the several parts of 
the body; 2d, the equalization of the current, and the con- 
‘version of ieee jetting movement given to the blood 
hy the ventricles, into 2 uniform flow; 3d, the regulation of 


i i 
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The pulsc—due to any given beat of the heart—is not 
ceptible at the same moment in all the arteries of the body. 
hus it can be felt in the carotid a very shart time before it is 
perceptible in the radial artery, and in this vessel again before 
Pckats iediaeee of The delay Gea Batlle tev 
to the distance of the artery the heart, but The 
ifference in time between the beat of any two arteries never 
exceeds probably i to # of a second. 
great deal of light has been thrown on what may be called 
rey fen of the pulse wipe the ane (Pigs. 42 and 43), 
Te inciple om F ivbchs tha cetsgeccigraph atte agi simple 
on ig. 42). The small button replaces the finger in the 
Siac act of taking the pulse and is made to reet lightly on 
the artery, the pulsations of which it is desired to investigate. 
‘The up-and-down movement of the button is communicated to 
tho teen to the hinder end of which is attached a slight spring, 
which allows the lever to move up, at the same time that it is 
Bas strong enough to resist its making any sudden jerk, and 
= tela ne the hor eat to assist in bringing it back to 
itz original position. For ordinary purposes, the instrument 
is bound on the wrist (Fig. 43). 


trine, Lam Indebtod to my frlond, Dr. Hensley, who haa kindly fur~ 
nished mo with the following note on the subject: 

By determining tho conditions of equillbrlum of a portion of artery 
=r. eylindrical and filled with blood at » given presmuro, it ix 

shown that the tranryeree tonsion is double the longitudinal. 
it may be shown experimentally that, if atelpe of eqanl brondth, 
ext in kha tuo directions floms ane of ihe larger arteries, bo atrotohod 
Ly equal weights, the stretching of the transverse slip is somewhat 
greater than that of the longitudinal one. 

(By the word stretching ie t0 be underetoed amount of stretching, 
and not increase of length it may be measured by the ratio which the 
increase of length bears to the original length: thus things whore 
naturat lengths are 6 and 10 inches are equally stretched when their 
lengths are made 8 and 12 inches respectively 

‘Such exporimonts also show that, within cortuin limits, the streteh~ 
ing of mach strip varies dirvetly as [us tonsion 

Hence it will bo soen that the transverse atretobing of an artery, 
when filled with blood, must be sormewhat more than double its longl- 
tdlnal stretching, 

a betng true for different blood prewauree, the diffrence between 
fcexntes aa egret pressures must be somewhat 
more than double the diference between the corresponding, longi 
inal strwtabings) and thos wo cen bardly be jurtided in eaying that 
Yongiuudinal strviching which takes place with the 
maleate than the increase of transveree stretehing. 

Tt must who be remembered that the arteries arc, under alt elrearn= 

slancey, naturally in a stato of tension longitudinally, and that their 
therefore, cannot be increased at all antil the blood pressure 
bide beyond & cortain point.—Ep.| 
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Before proceeding to consider the formation of the pulse, as 
shown by these tracings, it is necesary to consider what are 
the elements combined to produce kt. 


Fig. 44- 


Pig. 45 


Big. 46 


Pio. HA. Pulkectracing of radial artery, xomowhat defictont li dome 

Fin, 4, Fitm and tong putes of vigorous hosith, 

YG, 45. Mulse-tencing of radial artery, with double apex. 

‘The above trpelugsare Caken from Dr, Saniersou's work © On the Sphyguvegenpih.” 












The heart at regular intervals discharges a certain quantit 
of blood into the arteries und their branches, alrendy filled, 
though not distended to the utmost, with fluid. This fresh 
quantity of blood obtains entrance by the yielding of the 
artery’s elastic walls, aud, om the cessation of the propelling 
force, and when these walls recoil, the blood is prevented from 
returning into the ventricle whence it is issued, by the shut- 
ting of the semilunar valves in the manner before deseribed 
({p. 108). ‘The pressure, therefore, which is exercised on the 
blood by the contracting arterial walls, will cause it to travel 
in a direction away from the heart, or, in other words, towards 
the capillaries and yoine. 

It was formerly supposed that the pulse was causod not by 
the diroct action of the ventricle, but fy the propagation of a 
wave in consequence of the elastic recall of the large arteries, 
after their distension; and successive acts of dilatation and 
recoil, extending along the arteries in the direction of the cir- 
culation, were supposed to necount for the latter appearance 
of the pulse in the vessels must distant from the heart. The 
fact, however, that the pulse is perceptible in every part of the 
arterial system previous to the occurrence of the Second sound 
of the heart, that is, previous to the closure of the aortic 
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veries than can be discharged by the ventricle at each contrac- 
tion. But the quantity necesary for such a purpose is loss 
than might be Injections of the arteries prove that, 
inelading all down to those of about one-eighth of « line in 
diameter, do not contain om an average more than one 

and a half pints of fluid, even when distended. Mexerante: 
no doubt, therefore, that the three or four ounces whieh the 
‘ventricle is supposed to discha: Tayi at each contraction, 
added to that hich a, fills the arteries, would be 
elent to distend them al 

A distinction must 7 carefully mado botwoen the 
of the wave along the arteries, and the velocity of brite ream 
(p, 181) of blood. Both wave and current are ; but the 
rates at which they travel are very different, of the wave 
being twenty or thirty times as great as that Nene current, 

eer now to the consideration of the pulse-tracings 
cS 126 138), it may be remarked that, in each, the upstroke cor 

with the period durieg which the veotricle is eon- 
tenting; the down-stroke, with the = between its con- 
tractions, or in other words with the recoil, after distension, 
of the elastic arteries, In the large arteries, when at least 
there is much loss of tone, the up-stroke is double, the almost 
instantaneous propagation of the force of contraction of the 
left ventricle te long the colurun of blood in the arteries, or the 
Pereussion impulse, ax it ix termed by Dr. Sanderson, being 
sufficiently strong to jerk up the lever for an instant, while the 
wave of blood, rather more slowly propagat wm the ven~ 
f blood, at low! ted from th 

trice, catches it, so to speak, as it begins to fall, and again 
slightly raises it. 

n the radial artery tracings, on the other hand, we soe that 
the up-stroke is eingle, In this case the percnssion-impulse is 
not sufficiently strong to jerk up the lever and produce an 
effect distinct from that of the systolic wave which immedi- 
ately follows it, and which continues and completes the dis- 
tension. In cases of foeble arterial tension, however, the per- 
cussion-impulse may be traced by the sphyzmosraph, not only 





in the carotid pulse, but toa less extent in the radial also (as 
in Fig. 46), 
Tn lool now at the down-atroke (Pig. 44) in the tracings, 





we see that in the case of an artery with deficient tone, it is in- 
terrupted by a wollhmarked notch, or in other words, that the 
descont is interrupted by a slight uprising. There are indicu- 
tions also of slighter irregularities or vibrations during the fall 
of the lever; while these are aloue to be seen in the pulse of 
health, or in other words, when the walls of the artery are of 
good tone (Fig. 45). In some eisee of disease the reazcont is 














130 THE CIUCULATIOS, 


the 
the 


; 
: 
i 
! 
i 


Bull 
a a 
Hah 
a 
ie i 
F | I 
uta 
Hd 


3 

z 
Fy 
i 
ul 
He 
i 


. 
H 
z 
i 
i 
i 
H 
ef 
al 
i 
Fak 


i 


quicksilver, being subtracted, 

ree With which the blood moves in an artery, 
the laws of hy tics, from the diameter of the 
the height of the column of quicksilver; that is 
the weight of a column of mercury, whose base ie a 
the same diameter as the artery, and whose height is equal 


H 
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came animal, The correctness of these views having been 
questioned, Poiseuille has recently repeated his observations, 
and obtained the same results, 

From the mean result of several observations on horses and 
dogs, he calculated that the force with which the blood is 
moved in any large artery, is capable of supporting » column 
of mereary six inches nnd one and » balf lines in height, or a 
column of water seven feet one line in height, With these re- 
sults, the more recent observations of other experimenters 
closely accord. Poireuille’s experiments having thus shown to 
him that the force of the blood’s motion is the same in the most 
different arteries, he concluded that, to measure the amount of 
the blood’s pressure ip any artery of which the calibre is known, 
it is necessary merely to multiply the arca of @ transverse sec 
tion of x vewel by the height of the column of mercury which 
is already known to be supported by the force of the bleod in 
any part of tho arterial eyetem. « weight of a column of 
mercury of the dimensions thus found, will represent the pres 
sure exerted by the column of blood. And assuming that the 
mean of the greatest aud least height of tho column of mercury 
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im, the transmission of the blood from the minute branches 
of the arteries to the minute veins is effected through a net- 
work of microscopic vessels, in the meshes of which the proper 
substance of the Ceaue lies (Fig. 48). Boag! bo seen in all 
minutely injected preparations; and during life, by the aid of 
the micreecope,in any transparent vascular parts,—auch as the 
web of the frog's foot, the tail or external branchis of the tad- 
pole, or the wing of the bat. 

‘The ramifications of the minute arteries form repeated an 
astomoses with each other and give off the capillaries which, 
by their anustomoses, compose a continuous and aniform net- 
work, from which the venous radicles, on the other hand, take 
their rise, The reticulated vessels connecting the arteries and 

veina ure called capillary, on account 

Mie. ae of their minute size; and intermedi- 
ate vessels, on account of their 
sition. The point at which the ar 
teries terminate and the minute veins 
commence, cuinot be exactly defined, 
for the transition is gradual; but the 
intermediate network has, neverthe- 
less, this peculiarity, that’ the small 
vessela which com) it maintain 
the came diametor throughout; they 
do not diminish in diameter in one 
direction, like arteries and veins ; and 
the meshes of the network that they 
compore are more uniform in shay 
and size than those formed by the 
anastomoses of the minute arteries 
and veins. 

‘The structure of the capillaries is 
much more simple thao that of the 
arteries or veine, Their walle are 
- composed of @ single layer of elon- 

‘Mocdvemels ofan Intertinal gated or radiate, fattened and nu- 
villas, representing tho a7 cleated cells, 40 joined and dovetailed 
Tangemwnt of capitiarie be; together as to form a» continuous 
arterial branches; #1, thear- ‘anparent membrane (Fig. 49). 
tarlea; 8 tbo elo. Outside theee cells, in the larger cap- . 

illaries, there is # structureless, or 
very finely fibrillated membrane, on the inner surface of which 
they are [aid down. 

1 diameter of the capillary vessels varies somewhat in the 
different textures of the body, the most common size being 
about ya'yyth of an inch. Among the smallest may be men- 
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usually have the form of a parallelogram, the short sides of 
which may bo from three to eight or ten times less than the 
long ones; the long sides always corresponding to the axis of 





Pro.90.—Network of captliary vraselsof the airells of the hores’s lang, magnised. 
4,9, capillaries procopllag from 6,0, terminal branches of the pulmonary artery 
tnfior Prey) 

Pus. 51.—Injected capillary yensels of muscle, seen with a low magnifying power 


Bharpey 








the fibre or tube, by which it is placed, ‘The appearance of 
both the rounded and elongated meshes is much varied accord- 
Ing ns the vessels composing them have a straight or tortuous 
form. Sometimes the capillaries have a looped arrangement, 
® single capillary projecting from the common network into 
some prominent organ, and returning after fon 
more loops, as in the papillw of the tongue and ski 
ever be the form of the capillary network in any tise or 
organ, it is, 4 a rule, found to provail in the corresponding 
parts of all animals, 

The number of the capillaries and the aize of the meshes in 
different parts determine in @ degree of vaseularity 
of thove parts. ‘The parts in which the network of capillaries 
is clovest, that is, in which the meshes or interepaces are the 
sinallest, are the Lungs and the chorvid membrane of the eye. 
Tn the iri and ciliary body the Interspaces are somowhat 
wider, yet very small. In the haman liver, the interspaces 
are of the same size, or even emaller than the capillary vessels 
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pe agarose ne cei Bs ol 
while, if the of the animal ie even re 
ly debility my Craigs tray. db 





Caylitaries tm the web of the freg’s served that the movement of the 
fies became 


foot magni. Wood in the capillaries 
otviowsly pubatory, the paste 
tions being kynchronous with the cont e ventricle. 


is trannil, they present not the slightest change in their 
diameter. 

It is in the capillaries, that the chief resistance in offered to 
the progress of the blood ; for in them the friction of the blood 
ix greatly increased by the enormous multiplication of the 
surface with which it ie brought in contact, The velovity of 
the blood is also in them reduced to its minimum, of 
the widening of the stream. If, as Professor Maller ays, the 
sectional area of all the branches of a vessel united were 
alwaye tho same as that of the yessel from which they arise, 
and if the aggregate sectional area of the capillary vessels 
were equal to that of the aorta, the mean mpidity of the 
hlood's motion in the capillaries would be the same as in the 
aorta and largeet arteries; and if a similar ol 
capacity existed in the veins and arteries, there would be an 
equal correspondence in the mpidity of the circulation in them. 
It is quite truo, that the forve with which the blood is propelled 
in tho arteries, as shown by tho quantity of blood which 
esenpes from them in a certain spice of time, is greater than 
that with which it moves in the veins; but this force bas to 
overcome all the noe offered in tho arterial and empillary 
tydomethe henrt, itself, indeed, must overcome this resist 
ance ; #0 that the excess of the force of the blood’s motion in 
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Part of this slow movement of the pale corpuscles and their 
ocensional stoppage may be due, as BE. H. Weber has: 1, 
to their haying a natural tendency to adhere to the walls of 
the vewels. Sometimes, indeed, when the motion of the blood 
7 not streng, maey of the plete pap syne in seal 
vessel, and for a time entirely prevent lo passage 

iets But there is no doubt that such a atill layer 
of liquor sanguinis exists next the walls of the vowels, and it 
is between this and the tissues around the vessels that those 
interchanges of purticles tuke pluce which ensue in nutrition, 
secretion, und absorption by the bloodvewels; i 





merally sx 
ffom the inte 





and blood-corpuscles, both red and white, begin to make their 
way through the capillaries and small veins. The process of 
extrusion of the white eorpuscles ia thus described by Dr, 
Burdon Sanderson, and the passage of the red corpuscles oc- 
cur after much the same fashion. 

“Simultaneously with the retardation, the leucocytes, ine 
stead of loitering here and there at the edge of the axial cur- 
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termediate position causing them to feel at so to xpenk, 
any alteratiba in. the ise or rate of the venous 
dloodetream. ‘Thus, the apparent contraction 
ties, on the application of certain irri 

during fear, and their dilatation in blushing, ma) 
cylin thane gly tcp 
capillaries ver, a8 
fluenced by these, and by the litions of the parts 
surround und support them, their own endowments 
‘be disregarded. ey must be looked upon, not as 
pees canals for the ‘paseage of blood, but a8 

jowments of their own, in relation to the ci 

capillary wall is, according to Stricker, acti 
contmietile; and there is no reason to doubt that, 9s 


if 
ru 
te 


23 
i 
i 
2 
ie 
ut 
a 


blood within and the tissues outside the capillary 
which, under’ the name of vital capil 

img been recognized as one of the means concerned in 
circulation of the blood. 

The results of morbid action, ax well as bed oper 
health, srongly ae the notion af the 108 
so-called vital ‘capillary attraction between the bl. 
tissues, Por example, when the access of oxygen 
is prevented, the circulation through the pulmonic capil 
ix gridually retarded, the blood-cory les cluster hs 
died Litlh taoeemibat ie ersahallyalesset ecco averertdle 
the action of the heart continues. [n inflammation, also, the 
capillaries of an inflamed part are ent and distended 


i 
I 
ef 


et 
Erbe 
gees 


dependent of the action of the heart, aud appear to result 
from some alteration in the blood, which increases the adhesion 
of its particles to ono anothor, and to the walla of the capilla- 
rics, to an amount which the propelling action of the heart is 
not able to overcome. 

Tt may be concluded then, that the capillaries, which are 
formed of a aimple cellular membrane, can of thomeclyes ex~ 
ercise no such direct influence on the movement of con- 
tents as to be at all comparable in degree to that which 
ereised by the arteries or vein; yet that the constant inter 

of relations botwoen the blood within and the tissuce 
outsi otcpe emer sean in ae measure ae the move- 
ment the cnpil m, and constitute one 
of the assistant forces of the sestations 


i. 
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four are sometimes placed or pear one another, in the 
LS noel ner, 


largest veins, such as the s and at their junction with 
the jugular veing, The valves are semilanar; the unattached 
edge being in some examples concave, in others straight. 

are co) of inextensile fibrous tissue, and are co 
with clium like that lining the veins. During the period 
of their inaction, when the venous blood is flowing in its 
direction, they lie by the sides of the veins; but when in ace 
tion, they cloze te, i like the valves of the arteries, and 
offer a complete barrier to any backward movement of the 
blood (Figs. 54 and 55), 

‘Valves are not equally numerous in all veins, and in many 
they are absent altogether. They are most numerous in the 
veins of the extfemities, and more so in those of the eee 
thearm. ‘They are commonly absent in veins of lex than a 
line in dinmetér, and, as a general rule, there are few er none 
in those which are not subject to muscular pressure: Among 
those veins which have no valves may be mentioned the eupe- 
rior and inferior vena eava, the trunk and branchesof the portal 
vein, the hepatic and ronal veins, and the pulmonary veins; 
thoae in the interior of the cranium and vertebral colunin, those 
of the bones,and the trank and branches of the umbilical vein 
are also destitute of valves. 

‘The atk obstacle to the circulation ix already over. 
come when the blood hae traversed the capillaries; and the 
force of the heart which is not yet consumed, is sufficient to 
complete its passage through the veins, in which the obstruc- 
tions to its movement ure very slight. For the formidable 
obstacle supposed to be presented by the gravitation ef the 

|, has no real existence, aince the pressure exercised by 
the column of blood in the arteries, will be always sufficient to 
support a column of venous blood of the same height ns itaclf: 
the two columns mutually balancing euch other. Indeed, so 
Jong os both arteries and veins contain continuous columns of 
blood, the force of gravitation, whatever be the position of the 

ly, can have no power to move or resist the motion of an 

of the blood in any direction. The lowest bloodyesse! 
lanes of course, to bear the ‘teat amount of pressure; the 
presture on each part being lireetly proportionate tothe height 
of the column of blood above it: hence their liability to disten- 
sion. But this pressure bears equally on both arteries and 
‘yeing, und cannot cither move, or resist the motion of, the fluid 
they contain, so long a& the columns of fluid are of equal 
height in both, and continuous. ‘Their condition may, in this 
respect, be compared with that of a double bent tube, tall of 
uid, held vertically ; whatever be the height and gravitation 
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tomoses hy which they communicate, one with another; for 
through theso, the closing up of the venous channel by the 
backward presure is prevented from being any aerious hin- 
drance to de circulation, since the blood, of which the onward 
course is arrested by the closed valves, can at once pass 
through some anastomosing channel, and proceed on its way 
by another vein (Figs 54 and 55). Thus, therefore, the 
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effect of muscular pressure upon veins which have valy 
turned almost entirely to the advantage of the circulation ; 
the pressure of the blood onwarde is all advantageous, and 
the pressure of the blood backwards is prevented from being 
a hindrance by the closure of the valves and the anastomoses 
of the veins. 

The effects of such muscular pressure are well shown. by 
the acceleration of the stream of blood when, in renesection, 
the muscles of the forearm are put in action, and by the 
general acceleration of the circulation during active exercise ; 
and the numerous moyomenta which are continually taking 

lace in the body while awake, though their single ellvcts may 
be less striking, must be an important auxiliary wo the venous 
circulation. Yet they are not essential; for the venous circu- 
lation continues unimpaired in parts at reet, in paralyzed 
Tiinbs, and in parts in which the veins are not subject to any 
muscular presstire. 
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Ivis true that in violent expiratory efforts there is a certain 
merino of th ciation the wine ‘The effect of such 
retardation is shown in i 

and neck, and the lividity of the daring coghing rin 
ing, and similar violent expiratory effarts; ‘shown in 


But strong ex] efforts, as in stmuining amd the like, 
Srarablntaontiesrpructirient wich as 

are instances of more or kes interference with expiration, 
lovolre probably circumstances leading to obstruction of 
the cirealation in the pulmonary capillaries, such as are not 


to the vesicular structure of the lungs. Tat the bloc! beng, 
pile dpe ep: hn onal gree iy! pendence tse 
ca 
effect of this on 
arterial is hindered by the aortic valves, while they 
are closed, and by the forcible outward stream of blood from 
the ventricles when they are open; while, om the other band, 








there is nothing to preveot an increased affiux of blood to the 

auricles =x rigiceicda 
Sir David Barry was the first who showed plainly this effeet 
venous circulation; and he mentions 
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the velocity with which the movement of the blood th 
of the circulation is accomplished. Ae 

ee ree ee he Rican sake pe mien acabe 
i veikcres es rath ss ahi) nie hin ee 
divided, latter case, the mate of motiun is the 
See Lel in acthypeeees cxeia teenie sans 
i io the vascular system, and which at the point of 
the incisioa in Se ee ae To the 


alias More catahatey data 
for the estimates are affor the en pauls: of relic Saray to 
ascertain the mines whi troduced into the 
blood are t1 papper eg 
another From such experiments on horses, Herin; 
ddechaged that the time required for the passage of a solution of 
freseanide of nin, jum, mixed with the blood, from one 
jugular voin ((hrough the right side of the heart, the pulmon- 
ary citealation, the left cavities of the heart, and the general 
eifeelation) to the jugular vein of the opposite side, varies 

te cal agai The eame su! ce Was trans- 


e vein to the masseteric a in 
Riven Steen eat tte fai astery ll ona 
hea Bftect seconde; in pele 


more than forty seconds Seen Sree 
whatever was the rate of the heart's action. 
Podseuille’s observations accord completely with the above, 


and show, moreover, that when the Sanide is injected 
into the blood with other substances, such ‘ns acetate of am- 
mela, or nitrate of potash (solutions of which, as other 
experiments have shown, pass ly through ey 
Une from ome jugul ovdin fe aa otis Sa 
Aplin fen open weir seconds ; while, if instead 
of thew, a is added, the poraage is not completed una 
from Rerty to forty-five seconds after inj till greater 
* Of transit has been observed > Mr, J. Blake, who 
Koel iitzate of baryta injected into the jogular ‘vein of 
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Eyon if we timate ete eee one 
suppose the velocity of the blood 
minute, then each portion of blood may traverse its own 


not exceed ten feet. 

All the estimates here given are averages; 
time in which a given portion of blood passes from one side of 
the heart to the other, varies much tpi dod it 
pert frat ginpeberedag circulates ffom the lef 
tricle, coronary i 
heart, requires a far shorter time 
course than the blood which flows 
heart to the feet, and back again to the righ ‘ 
for the circulation from the left to the right cavities of the 


: 
& 
i 





bl arches being 
formed by the circulation thi the coi vessels of the 
heart itnclf, The course of the blood from the right side of 
the heart, through the lunge to the left, is shorter than most 
of the arches desoribed by the systemic circulation, and 
the blood flows, ceteris paribus, much quicker than in m 
the vessels which belong to the aortic circulation, Foralt 
the quantity of blood contained, at any instant, in the greater 
circulation of the body, is far greater than the quantity within 
the lesser circulation; yet, in any given space of timo, as much 
blood must puss through the lungs as purses in the same 
time through the systemic cireulation. If the systermic vessels 
contain five times as much blood as the pulmonary, the blood 
in them must move five times as slow as in these; the 
right oe of the heart would be either overiilled:or not filled 
enough, 


as 
ae 


Peculiarities of the Cirowlation in different Parts. 


‘The most remarkable peculiarities attending the eirculation 
of blood through different organs are observed in the cases of 
the lungs, the diver, the brain, and the erectile organs. 
palmonsry and portal circulations have been alrendy alluded 
to |, 90), and will be again noticed when considering 
the jons of the lungs ied livers 

‘The chief circumstances requiring notice, in relation to the 

mre observed in the arrangement and dis- 
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Some experiments porformed by Dr, Kellie appeared to estab- 
lish the correctness of this view. But Dr, Burrows having 
repeated these experiments, and performed additional ones, 
obtained different results. He found that in animals bled to 
death, without any aperture being made in the cranium, the 
brain became pale and anwmie like other parte. And in proof 
that, during life, the cerebral circulation is influenced by 
the same general clreumstances that influence the circulation 
eleewhere, he found congestion of the cerebral veesele in rab- 
bits killed by strangling or drowning ; while in others, killed 
by prussic acid, he observed that the quantity of blood in the 
cavity of the cranium was determined ite the position in which 
the animal was placed after death, the cerebral vemels being 
congested when the animal was suspended with his head down- 
wards, and comparatively empty when the animal was kept 
suspended by the ears, He conefuded, therefore, that although 
the total volume of the contents of the cranium is probabl 
nearly always the same, yet the quantity of blood in itis liable 
to variation, its increase or diminution being accompanied by 
asimultaneous diminution or increase in the quantity of the 
cerebrospinal fluid, which, by readily admitting of being ro- 
Saved Srocagae-part of te! oui eat epliaal cane ratio ard 
and of being mpidly absorbed, and ax readily effused, would 
serve ag a kind of supplemental fluid to the other contents of 
the cranium, to keep it uniformly filled in nso of variations 
in their quantity, And there can be no doubt that, although 
the arrangements of the bloodvessels, to which reference has 
been made, insure to the brain an amount of blood which is 
tolerbly uniform, yet, inasmuch ag with every beat of the 
heart and every act of respiration, and under many other cir- 
cumstances, the quantity of blood in the cavity of the craniam 
is constantly varying, it ie plain that, were there not provision 
made for the posible displacement of some of the contents of 
the unyielding bony case in whieh the brain is contained, there 
would be often alternations of excessive pressure with inauffi- 
cient supply of blood. Hence wo may consider that the cere- 
bro+pinal fluid in the interior of the skull not only subserves 
the mechanical functions of fat in other parts as » paokir 
material, but by the readiness with which it can be displaced 
into the spinal canal, provides the means whereby undue pres 
sure and ment eupely of blood are equally prevented, 
Sreulation in Erectile Structurea—The instances of greatest. 
variation in the quantity of blood contained, at different times, 
in the same organs, are found certain structares which, 
under ordinary circumstances, are soft and flaccid, but, at cor- 
tain times, receive an unusually large quantity of blood, be- 
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influence of the nerves; but the mode in which they excite a 
greator inflax of blood is not with certainty known, 

‘The mest probable explanation is that offered by Profosor 
Kalliker, who ascribes the distension of the venous plexuses to 
the influence of organic muscular fibres, which are found in 
abundance in the corpora cavernosa of the penia, from the 
bulb to the glans, also in the clitoris and other parts capable 
of erection. While erectile orgaus are flaccid and at rest, 
these contractile fibres exercise an amount of preasure an the 
ploxuses of vessels distributed amongst them, sufficient to pre- 
vent their distension with blood. But when through the in- 
fluence of their nerves, these parts are stimulated to erection, 
the action of these fibres is suspended, and the plexuses thus 
liheruted from pressure, yield to the distending foree of the 
blood, which, probably, at the same time arrives in greater 

uantity, owing to a simultaneous dilatation of the arteries of 
the ta, and thus the plexuses become filled, and remain 0 
until tho stimulus to erection subsides, when the organic mue- 
cular fibres again contract, and so gradually expel the excess 
of blood from the previously di dv \¢ influence 
of cold in producing extreme contraction and shrinking of 
erectile orgy and the opposite effect of warmth in inducing 
fulness and distension of these are among the arguments 
used by Kélliker in support of this opinion, 

The accurate dissections and experiments of Kobelt, extend- 
ing and confirming those of Le Gros Clark and Krause, have 
shown, that this influx of the blood, however explained, is 
the first condition necessary for erection, and that through 
it alone much enlargement and turgescence of the 
ensue. But the erection ie probably not complete, 
tained for any time except when, together with this influx, the 
muscles already mentioned coutract, and by compressing’ the 
veins, stop the efflux of blood, or prevent it from being as great 
26 the it 

It appears to be only the most perfect kind of erection that 
needs the help of muscles to compress the véins; and none 
such can materially assist the erection of the nipples, or that 
amount of turgescence, just falling short of erection, of which 
the spleen and many other parts are capable, For such tur- 
gescence nothing more seems necessary than « large plexiform 
arrangement of the veins, and such’ arteries as may admit, 
upon local occasions, augmented quantities of blood. 

The Influence of the Nervous System on the circulation in 
the bloodyesels will be considered in Chapter XVII, 
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of the Inrynx is guarded by muscles, and can be opened or 
closed at will. 

It has been said, in the pereine chapter that each lung 
is cuveloped in a distinct fibrous bag, with a smooth, slippery 
lining, and that the outer smooth surface of the lung glides 
easily on the iuner smooth surface of the bag which envelopa 


Fra. 





‘Traneverso section of the cheat (ufter Gray). 


it, This enveloping bag, which ie called the pleura, is easily 
seen in the dead subject; and when it is opened, as in an ordi- 
nary pestnortem examination, there is a considerable space 
left, by the elastic recoil af the lung, betwoen the outer sur- 
face of the lung and the inner surface of the pleura, which is 
left sticking, eo to speak, to the inner surface of the walls and 
floor of the chest. 

The space, however, betweon the lung and the pleura does 
not exist (except in some cases of disease) so long as the chest 
in not opened; and, while considering the subject of normal 
healthy respiration, we may discard altogether the notion of 
any space or eavity between the Long and the wall of the 
chest. So far as tho movement of the lung is concerned it 
might be adherent completely to the chest-wall, inasmuch as 
they accompany each other in all thei ments; only there 
isa slight gliding of the smooth s of the lung on the 
inner #urtace of the ploura, but no separution, in the 
slightest degree, of one from the other." 














1 4t may be mentioned, that the smooth covering of the lung is 
really continuous with the inner emooth lining of the walls nd 
floor of the cheat, ns will be readily wen in Fig. 68. Henoe the mame 
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ing scarcor and more irrogular, until, in the «mallee bronchial 
‘ahem, they are represented only by minute and scattered car- 
tilaginous flakes. And when the bronchi, by successive 
branches, are reduced to about 4’) of an inch in diameter, 
they lose their cartilaginous clement altogether, and their 
ieee formed only of a tough, fibrous, elastic membrane, 
with traces of circular Pec fibres; they are still lined, 
a by @ thin mucous membrane, with ciliated epithe- 
ium. 

Each lung te partially subdivided into separate portions 
called (ober; tho right Tung into three lobes, and the left Tun 
into two (Fig. 57) Each of those lobre, agnin, is Phe 


Ciliary vpitbelinm of the human traches magnified 31 diameters 9, layer of 
ougtiodinally arranged elastic fibres; 6, tametnent-maembrane ; c, deepent cells, clr 
lar in for )  latermerinte elongate eels; «, outermost layer of eels fully de> 
veloped and benring ella (atter Killer). 








of a large number of minute parts, called lobules, Each pul- 
monary lobule may be considered a lung in miniature, consiet- 
ing, as it does, of a branch of the bros of air-cells, 
bloodvessels, nerves, and lymphatics, with s sparing amount 
of areolar tissue, 

On entering a lobule, the small bronchial tube divides and 
subdivides; its walls, at the same time, becoming thinner and 
thinner, until at length they are formed only of a thin mem- 
brane of areolar and elastic tissue, lined by a layer of squamous 
epitheliam, not provided with cilia, At the same time, they 
are altered in shape; each of the minute terminal branches 
widening out fannel-wise, and its walls being pouched out ir 
regularly into small saccular dilatations, eallod air-colls (Fig, 
Such a funnel shaped terminal branch of the bronchial 
tube, with its group of pouches or air-cells, has been called an 
infundibulum (Fig. 59), and the irregular oblong space in its 
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smaller, and their notworks of capillaries are closer thai 
thage nearer to the circumforence, in adaptation to the mor 
Fra. 0. 


6 
Alrcetis of tung. maguliied 10 Mametorm 0, eplilvelial Hain of the celts; ¢ 
‘Abrer of elastle tisave 5 to membrane of which the oell-wall is conntracie 
with elaetie Bbres attache to fy (after ROUiKer) 
Yu, 61 








Capillary wetwork of the pulmonary bloodremels in the human lung (fom 
Kolitior) Y. 
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TRATION, 


and the beginning of the pext iuspiration. The respiratory 
rhythm may be thus expressed: 
Inspiration, . a Sr gat anit 
Expiration, , oN = ee Cee 
A very slight panse. 


Respiratory Movements of the Glattis. 


During the action of the muscles which directly draw air 
into the chest, those which guard the opening through which 
it enters ure not passive. In hurried breathing the instinetive 
dilatation of the nostrils is well seen, although under ordinary 
conditions it may not be noticeable, ‘The opening at the upper 

rt_of the larynx, however, or rima glottidis (Big. 65), be di- 
lated at each inspiration, for the more ready passage of air, 
and collapses somewhat at cach expiration, its condition, there- 
foro, corresponding during respiration with that of the walls of 
the chest, There is a further likeness between the two nets 
in that, under ordinary circumstances, the dilatation of the 
rima glottidis is n muscular act, and its contraction chiefly an 
elastic recoil; although, under various conditions, to be here- 
afler mentioned, there may be, in the contraction of the glottis, 
considerable muscular power exercised, 








Quantity of Aiv Respired. 





even in health, habitus 
r in each respiration « 
larger quantity of air thay younger porsons do. 

“ho total quantity of air which paseee into and oab of the 
lungs of an adult, at rest, in 24 hours, has been estimated by 
Dr. ith wt about 686,000 cubic inches. This quantity, 
however, it largely increased by exertion; and the same ob. 
verver has computed th for a hard-working 
laborer io the sieve ti hic inebes 

The quantity which is habitually and almost. uniformly 
changed in each act of breathing, is called by Mr. Hutchinson 
Pesan tale Tia gaaiiaty ver ace whoa tia which man 
can draw into the Iungs in the deepest inspiration, he names 
complemental air: its amount i various, ns will be presently 
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that, for example, while a man en ene inches, mc 
weighing lees than 114 stones, should be able to expire 217 
Gait. backea one of the mine. Reichs, weighing? 237 lanka 
might expire ouly 208 eubie inches. 

ly age, the capacity appears to be increased from about the 
fifteonth to the thirty-ffth year, at the rate of five cubic inches 
per year; from thirt to y-five it diminishes at the 
rate of about, one and a half cubic inch per year; #0 that the 
capacity of respiration of a man of sixty years old would be 
about 30 cubie inches less than that of a man forty yearm old, 
of the same height and weight. 

Mr. Hutehingon’s observations were made almost exclusively 
on men; and his conclusions are, perhaps, true of them alone ; 
for women, according to Bourgery, have only half the eapacity 
of breathing that men of the same age have. 

‘The number of respirations in ‘aboalthy adult person usually 
ranges from fourteen to eighteen minute, 

It is greater in infancy and childhood ; and of course yarics 
much secording to different circumstances, such as exercise: or 
rest, health or disense, &e. Variations in the number of res 
pirations correspond ordinarily with similar variations in the 
pulsations of the heart. In ‘health the proportion is about 
one to four, or one to five, and When the rapidity of the heart’s 
action is increased, that of the chest movement ix common| 
incroased also; but not in every ease in equal tion. It 
Rat era cevtslonally tk Sieeoaes eepecialigrat tha kahige aes 
passiges, that the number of respiratory acts increases in 
quieker proportion than the beats of the pulse; and, in other 
affections, much more commonly, that the number of the pulses 
ie greater in proportion than that of the respirations. 

According to Mr. Hutchinson, the force with which the ine 
spiratory muscles are capable of ‘acting, is greatest in individ 
uals of the height of from five fect seven inches to five feet 
cight inches, und will elevate o column of three inches of 
mercury. Above this height, the force deereuses us the stat- 
ure increases; a0 that the avernge of men of six feet can 
elevate only about two and a half inches of mercury. The 
force manifested in the strongest expiratory acts is, on the 
average, one-third greater than that exercised in inspiration, 
But this difference is in groat measure du to the power ex- 
orted by the elastic reaction of the walls of the chest; and it 
iz also much influenced by the disproportionate Gti which 
the expiratory muscles attain, from their being called into use 
for other purposes than that of simple expiration. The force 
of the inspiratory set ia,therefore, better adapted than that of 
the expiratory, for testing the muscular strength of the body, 
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thorax reeisted 1000 Iba, of atmospheric pressure, and that not 
counterbalanced,—to say nothing of the clastic power of the 
, Which co-operated with this 

“T would not venture at present to state exactly the distri- 
bation of muscular fibre over the thorax, which is called into 
action when resisting this 1046 tbs., but 1 think Iam safe in 
ge that nine-tenths of the thoracic surface conspire to 
this net. 

“ What ie here eaid of the muscular part of the chest reelet- 
ing euch # force, must not be confounded with « former state- 
ment of ‘two-thirds being fifted by the inspiratory muscles, and 
one-third left dormant,’ under a foree equal to 301 Ibe In 
thie case the 30] Ibe. are /ifted; in the other, nine-tenths of 
1046 Ibs. ure said to be resisted. 

“The glass receiver of au nirepump amity resist 15 lbs. on the 

ware inch, vet it may be said to Gt nothing. This question 
of the thoracie museular force and resistance, and muscular 
distribution, is rendered complicate by the presence of so much 
osseous matter entering into the composition of the chest, which 
can scarcely be considered to act the same as muscle.” 

Tho great force of tho inspiratory efforts during apacea was 
Well shown in come of the experiments performed by the Medico- 
chirungical Society's Committee on Suspended Animation. On 
inserting a glass tube into the trachea of a dog, and immersing 
the other end of the tube in a yesel of mereury, the respiratory 
efforts during apna were so great as to draw the mercury four 
inches up the The influence of the same foree was shown 
in other experiments, in which the beads of animals were im- 
mersed both in mercury and in liquid plaster of paris, In both 
cases the material was found, after death, to have beeo drawn 
up into all the bronchial tubes, filling the tissue of the lings, 

Much of the force exerted in inspiration is orployed in over 
coming the resistance offered by the clasticity of the walls of 
the chest and of the Jungs. Mr. Hutchinsow estimated the 
amount of this elastic resistance, by observing the elevation of 
a column of mercury raised by the return of air forced, after 
death, Junga, in quantity equal to the known capacity 
of respiration du life; and he calculated that, in a man 
capable of breathing 200 ‘cubic inches of air, the muscular 
power expended upon the elasticity of the walle of the chest, 
in making the deepest inspiration, would be equal to the rais- 
ing of at least 301 poundsavoirdupois. To thix must be added 
about 150 ths. for the elustie resistance of the lungs themselves, 
20 that the total force to be overcome by the mureles in the 
act of inspiring 200 cubic inches of air is more than 450 Ibs. 

In tranquil respiration, supposing the amount of breathing 
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would, probably, be fujuriously charged with carbonic 
noid 5 ‘be the “ ahaenecaalle poe tra ret eee 
empty the aircells, and perhaps expel only the ick I 

in the larger bronchial tubes. Probably also the change i= 


tions of which may serve to prevent the adhesion of the air to 
the moist surface of the membrane. 


Movement of Blood in the Respiratory Ongana. 

To be eae to the air thus alternately moved into and 
out of the air-cells and minute bronchial tubes, the blood is 

ropelled from the right ventricle through the pulmonary cap- 
Tariee in steady streams, and slowly cnough to permit every 
minute parece, of it to be for a few seconds e: to the air, 
with only the thin walle of the eupillary v: and nir-cells 
intervening. The pulmonary circulation is of the simplest 
kind; for the pulmonary artery branches regularly; its suc 
cessive brinches run in straight lines, and do not anastomese; 
the capillary plexus is uniformly spread over the air-oelle and 
intercellular Panay and the verns derived from it 
in @ course as simple and uniform as that of the arteries, their 
branches converging but not anustomosing. ‘The veins have 
no valves, or only small imperfect ones prolonged from: their 
angles of junction, and incapable of closing the orifice of either 
of the veins between which they are placed. ‘The pulmonary 
circulation also is unaffected by changes of atmospheric pree 
sure, and ia not expozed to the influence of the presure of 
muveles: the force by which it is accomplished, et the course 
of the blood are alike simple. 

The blood which is conveyed to the lungs by the pulmonary 
arterics i distributed to these organs to bo purified and made 
fit for the nutrition of all other parts of the body, The capil- 
livia Of tha yicleoeteacy ial a echacranged wile ascec re 
‘ence to this object, and therefore can have but little to do with 
tho nutrition of the lunge; or, at least, only of thoee portions 
of the lungs with which they are in intimate connection for 
al purpose, For the nutrition of the reat of the lungs, 
including the A gene intorlobular tissue, bronchial tubes and 
ginuds, and the wails of the larger bloodvosele, a special 
supply of arterial blood is furnished through one ar two bron 
chial arteries, the branches of which mamify in all these parts, 
The blood of the brovchinl artery, when, having served for 
the nutrition of theee parts, it has become venous, is carried 
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into the air breathed by a healthy adult man amounts to 
1346 cubic inches, or about 636 grins per hour, According 
to this estimate, which corresponds very closely with the ane 
furnished by Sir H. Davy, and does not widely differ from 
those obtained by Allen and Pepys, Lavoisier, and Dr. Ed. 
Smith, the weight of carbon exereted from the lunge is about 
173 grains per hour, or rather more than 8 ouncesdn the course 
of twenty-four hours, Discrepancies in the results obtained 
by different experimenters may be due to the variations to 
which the exhalation of carbonic acid is liable im different 
circumstances ; 1 in health the quantity varies accord- 
ing to age, sex. diversities in the respiratory movements, ex- 
ternal temperature, the degree of purity of the respired air, 
and other cirournetauces. Each of these deserve a brief notice, 
because it affords evidence concerning either the sources of 
carbonic acid exhaled, or the mode in which it is separated 
trom the blood. 

a. Influence of Age and Sex—According to Andral and 
Guvarret the quantity of carbonic acid exhaled into the air 
breathed by males, regularly increases from eight to thirty 
years of axe; from thirty to forty it is stationary or diminishes 
little; from forty to fifty the diminution is greater; and from 
fifty to extreme age it goes on diminishing, till it scarcely 
exceeds the quantity exhaled at ten years old, Tn females 
(in whom the quantity exhaled is alwaye lees than in males 
of the same age) the same regular increase in quantity goes 
on from the eighth yeur to the age of puberty, when the quan- 
tity abruptly censes to inerease, and remains stationary 0 
long na they continue to menstrunte. When, however, men- 
struation has ceased, either in advancing years or in’ preg- 
naney or morbid amenorrhan, the exhalation of carbonic acul 
again augments; but when menstruation ceases naturally, it 
soon decreases again at the eame rate that it dees in old men, 

6. Influence of Reapiratory Movement—According to Vier 
ordt, the more quickly the movements of respiration are per- 
formed, the smaller is the proportionate quantity of carbonic 
acid contained each volume of the expired air. Thus ho 
found that, with six respirations per minute, the quantity of 
expired carbouic acid was 5.528 per eent.; with twelve respi- 
rations, 4.262 per cent, ; with twenty-four, 3.355; with forty~ 
eight, 2.984; und with ninety-six, 2.662. Although, howover, 
the proportionate quantity of carbonic acid is thus diminished 
dui ing frequent respiration, yet the absolute amount exhaled 
into the air within a given time is increased thereby, owing 
to the larger quantity of air which is breathed in the time. 
‘This ia the case, whether the respiration be voluntarily accel- 
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often the sume air may be respired,even if'until it will no longer 
sustain life, it does not become changed with more than ten 
per vent. of carbonic acid, The necessity of a conetant supply 
of fresh air, by means of ventilation, through roome in whic 
many persons are breathing together, ot in whieh, from, any 
other source, much carbonic acid is evolved, ix thus rendered 
obvious; for even when the air i not completely i rable, 
pein the same proportion as it is already charged with car- 
bonie acid, does the further extrication of thut gus from the 
lungs suffer hindrance. 

So Hy tric Slate of Abnosphere.—Lehmann's observations 
have shown that the amount of carbonic acid exhaled is con- 
aiderably influenced by the degree of moisture of the atmo- 
sphore, much more being given off when the air is moist than 
when it is dry. 

g. Period of the Day.—The period of day seems to exercise 1 
slight influence on the amount of carbonic ucid exhaled ina 
given time, though beyond the-fact that the quantity exhaled 
ig much leas by night, we are scarcely yet in a position to state 
that variations in the amount exhaled occur at uniform periods 
of the day, independently of the influence af other elreum- 
stances. 

1, Food—By the we of food the quantity is increased, whilst 

fasting it is diminished: and, according to Regnault and 

eit, it is greater when anitunls are fed on farinueeous food 
than when fod on meat. Spirituous drinks, especially when 
taken on an cmpty stomach, are generally believed to pro- 
duce an immediate and marked dietnction im tity 
of this gas exhaled, t oluervations by Dr, Edwai 
Smith, however, furnish somo singular results on this subject. 
Dr. Smith found, for example, that the effecta produced by 
spirituous drinks depend much on the kind of drink taken, 

‘ure aleohol tended rather to increase than to lesen respirn~ 
tory changes, and the amount, therefore, of o e acid ex- 

jired : ram, ale, and porter, also sherry, had very similar effects. 

ia the other hand, brandy, whisky, and gin, particularly the 
lntter, ulmost always lessened the’ respiratory changes, and 
ooepany the amount of carbonic ucid exhaled, 

% Excercise and Sleep—Bodily everetso, in moderation, in- 
creases the quantity to about one-third more than it is during 
rest; and for about an hour after exercise, the yolume of the 
air oxpired in the minute is increased about 118 cubic inches ; 
and the quantity of earboni¢ acid about 7.8 cubic inches per 
minute, Violent exercise, such as fall labor on the tread- 
wheel, still further increases, acenrding to Dr. E. Smith, the 
amount of the acid exhaled. 
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tory ipsa is eupposed to serve only mechanically, by dilnt- 
i ic oxygen, and moderating its action is the ayatem. 
This purpose, or the mode of expressing it, has been denied 
by Liebig, on the ground that if we suppose the nitrogen re- 
moved, the amount of oxygen in w given space would not be 
altered. But, although it be true that if all the nitrogen of 
the atmosphere were removed and not repluced by aay other 
ge, the oxygen might still extend over the whole apace at 
prosent occupied by the mixture of which the atmosphore is 
composed; yet since, under ordinary circumstances, oxygen 
und nitrogen, when mixed together in the ratio of one volume 
to four, produce mixture which occupies precisely five vol- 
umes, with all the properties of atmospheric air, it must reeult 
that a given volume of at here drawn into the lungs con- 
tains four-fifths Jess weight of oxygen than an equal volume 
composed entirely of oxygen. ‘The greater rapidity and beil- 
lianey with which combustion goes on in an atmosphere of 

n one of common air, and the increased rapidity 
the ordinary effects of respiration are produced 
when oxygen instend of’ atmospheric air is breathed, seem to 
leave no doubt that the nitrogen with which the oxygen of the 
atmosphere is mixed has the effect of diluting this yas, in the 
same sense aud degree as one part of alcohol is diluted when 
mixed with four parts of water, 

It bas boon often discussed whether nitrogen is evor ab- 
sorbed by or exhaled from the lungs during respiration, 

At present, all that can be suid on thesubject is that, under 
most circumstances, animals appear to expire a yery small 
quantity above that which existe in the inspired air. Daring 

rolonged fasting, on the contrary, a small quantity appears to 
be absorbed. 

4, Wotery Vopor is, under ordinary circumstances, always 
exhaled from the lunge in breathing, “The quantity emitted ts, 
as a general rule, sufficient to saturate the expired air, or very 
nearly so, Tts absolute amount is, therefore, mfluenced by the 
following circumstances. First, bythe quantity of nir respired ; 
for the greater this is, the greater aleo will be the quantity of 
moisture exhaled. Secondly, by the quantity of watery vapor 
contained in the air previous to its being inspired; because the 
greater this is, the less will be the aunount required to complete 
the saturation of the air, Thinlly, by the tonsporature of the ex- 
pired air; for the higher this is, the greater will be the quantity 
of watery vapor required to saturate the air. Fourthly, by 
the length of timo which each volume of inspired air is allowed 
to remain in the lungs; for it ecoms probable that, although 
doring ordinary respiration the expired air is always saturated 
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tise to thia change, the conditions capable of effecting it inde- 
pendent of reepiration, and some othor differences between 
arterial and yenous blood, were discussed in the chapter on 
Blood, p. 77): 2d, and in connection with the preceding 
change, it gains oxygen; 3d, it loses carbonic xcid; 4th, it bo- 
comes L° or 2° F. warmer; Sth, it coagulates sooner and more 
firmly, and, apparently, contains more fibrin, 

The oxygen absorbed into the blood from the atmospheric 
air inthe lunge te eorblned chemically. with the, haemoglobin 
of the red blood-corpuselee, Eo this condition it be carried in 
the arterial blood to the various parts of the body, and with it 
is,in the capillary system of vewels, brought into near relation 
or contact with the elementary parts of the tissues. Herein, 
co-operating probably in the process of nutrition, or in tho re. 
moval of disintegrated parts of the tleues, a certain portion of 
the oxygen whieh the arterial blood euntaims dimppears, and 
‘8 proportionate quantity of carbonle acid and water t& formed. 

ut it ia not alone in the disintegrating processes to which 
all parts of the body are liable, that oxygen is consumed and 
carbonic acid and water anv formed in its consumption, A 
like process occurs in the blood itself, independently of the 
decay of the tieucs; for on the continuance of such chemical 
processes depend, directly or indireetly, not only the tempera- 
tore af the body, but all the forces, the nervous, the muscular, 
and others, manifested by the living organiatn, 

‘The venous blood, containing the now-formed carbonic acid, 
returns to the Jungs, where a portion of the carbonic acid is 
exhaled, and a fresh supply of oxygen is again taken in. 








Mechanism of Various Respiratory Actions. 


It will be well here, perhaps, to explain come respiratory 
nets, which appear at first sight somewhat somnplicated, but 
cease to be so when the mechanism by which 
formed is clearly understood. ‘Tho wecompanying diagram 
(Fig, 65) shows that the cavity of the chest 1s scparated from 
that of the abdomen by the diaphragm, which, when acting, 
will lossen its curve, and thus descending, will push downwards 
and rds the abdominal yiecurx; while the abdominal 
muscles have the opposite effect, and in acting will push the 
viseera upwards pole genres a them the diapbragi, 

uuppesing its ascent to be not from any cause interfered with. 
From the same diagram it will be seen that the lungs commu- 
vicate with the exterior of the body through the glottis, and 
further on through the mouth and nostril»—through either of 
them separately, or through both at the same time, according 
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Now, iv the first, or inspiratory part of this act, the descent 
of the diuphragn presses the abdominal viscera downwards, 
and of course thie pressure tende to evacuate the contents of 
such as communicate with the exterior of the A ih 
however, as their various openings are guarded by sphincter 
muscles, in a state of constant tonie contraction, there is no 
‘eccapo of their contonts, and air simply enters the lungs. In 
the second, or expiratory part of theact of sighing, there is also 
pressure made on the abdominal viscera. in the opposite diree- 
tion, by the elastic or muscular recoil of the abdominal walls ; 
but the pressure ie relieved by the escape of air through the 


1 glottis, and the relaxed is in 
into Ite orginal poston, "The sphincters of Bicaronsast, ro 
Soo byes pagar Reyne Fes 

‘comugh resembles aighing in that it ia an inapiratory act, 
bat the fantintees ecient scateaae i from the 
diaphragm 


acting suddenly and spasmodically; and the air, 
therefire, saeny rushing through the unprepared rim 
gels, cnuses vibration of the vocal cords, and the peculiar 
sound. 

Tn the net of re there is most often first an inspira- 
tion, and thie ls followed by an expiration; but when the a 
have been filled by the preliminary Jespiretiony instead of the 
air being casily let out again glottis, the latter is 
momentarily closed by the approximation af the vocal cords; 
and then the abdominal muscles, strongly acting, push up the 
viscera nguinat the diaphragm, and thus make pressure on the 
air in the lungs until its tension is sufficient to burst open 
noisily the yoeal cons which oppose its outward passage. In 
this way a considerable foree is exercised, and mucus or any 
other matter that may need expalion from the lungs or trachea 
is quickly and sharply expelled by the outstreuming cuerent 
of air. 

Now it is evident on reference to the diagram (Fig. 65), 
that pressure exercised by the abdominal jes in the act of 
coughing, acts as forcibly on the abdominal viscera us on the 
lungs, inasmuch as the viscern form the medium by which the 
upward pressure on the diaphragm is made, and of necessity 
there is quite as great a tendency to the expulsion of their con- 
tents as of the air in the lungs The instinctive and, if neces 
sary, voluntarily increased contraction of the ephincters, how- 
ever, peoreate Any cacape at the openinge guarded by them, 
and the pressure is effective at one part only, namely, the rima 
giottidis. 

The same remarks that soply to coughing, are almost ex- 
actly applicable to tho act of meczing; but in this instance 
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0 than it commonly is in the expulsion of foes or urine; but 
in these latter instances also, in cases of great pain and diffi- 
culty, it may cease to be a voluntary act, and be quite beyond 
Seay ttt aga elon of ale through 
in ing, there is a voluntary expul ir 
the featia Uy maaan of the slbdorilnal sauseLa tid 
‘are put, by the muscles of the in 9 proper posi- 
tion and state of tension for vibrating as air 
them, and thus producing sound. The sound ix mou! 
perey te sao ips, &e.—the voen! cords produc- 
ing the tound only, nud having nothing todo with ertiuation 


# 
j 





» lips, &e, 
ing i produced by & somewhat quick action of the dlo- 
phragm and other inspiratory muscles. The mouth is, how- 
ever, closed, and by these means the whole stream of air is 
made to enter by ihe nostrils. The ale nasi ure, commonly, 
at La towg time, pena dilated. Ber “ 
ing is not properly a respiratory act, but it may 

most conveniently considered in this place. It is caused 
mer by the depressor muscles of the o hyoides. These, by 
drawing downwards and backwards the tongue and floor of 
the mouth, produce a partial vacuum in the latter; and the 
weight of the atmosphere then acting on all sides tends to pro- 
duce equilibrium on the inside and outside of the mouth as 
best it may. The communication between the mouth and 
pharynx is completely shut off, probably by the contraction of 
the pillars of the soft palate and descent of the latter 80 as to 
fomelt tha back of chs tongue nnd the eousliriain erate, 
ean be restored only by the entrance camer through the 
mouth. The action, indeed, of the tongue and floor of the 
mouth in sucking may be compared to that of the piston in a 
syringe, and the muscles which pull down the os hyoides and 
tongue, to the power which draws the handle, 

n the preceding account of respiratory actions, the dia- 
phragm and abdominal muscles have been, as the chief muscles 
engaged, and for the suke of clearness, almost ulone referred 
to. But, of course, in all inepir actions, the other muscles 
of inspiration (p, 162) are more or leas en, j and in 
egpiration, the abdominal muscles are assisted by others, pre 
‘viously enumerated (/p, 165) as grouped in action with then. 
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separate system 
not poculinr, and many besides thera co-operate in the respira 
tory acts, That which is peculiar in the neryous influence, 
dirveting the extmordinary movements of respiration, is, that 
so many nerves are combined toward one purpose by the power 
of a distinct nervous centre, the medulla oblongnta. In other 
than respiratory movements, these nerves may act dogly or 
together, without the medalla oblongata; but after it is de- 
stroyed, no movement adapted to respiration can be performed 
by any of the muscles, even though the part of the spinal cord 
from which they arise be perfect, The phrenic nerves, for 
example, are noable to excite respiratory movement of the 
diaphragm when their connection with the medulla oblongata 
is cut off, though their connection with the spinal cord may be 
uninjured.’ 


Effects of the Suapension cand Arrest of Reepivation, 


These deeerye some consideration, because of the illustra. 
tion which they afford of the nature of the normal 
of ration and circulation. When the process of respira- 
tion is stopped, either by arresting the respiratory movements, 
or pormitting them to continue in an atmosphere deprived of 
uncombined oxygen, the circulation of blood through the lungs 
is retarded, and at length stopped. ‘The immediate effect of 
such retarded circulation is an obstruction to the exit of blood 
from the right ventricle: this is followed by delay in the re 
turn of venous blood to the heart; and to this succeeds venous 
congestion of the nervous centres and ull the other organs of 
the body, In such retardation, also, an unusually small 
supply of blood ie transmitted through tho lunge to the loft 
side of the heart; and this small quantity is venous. 

The condition, then, in which » suffpcated, or asphyxiated 
animal di commonly, that the left side of the heart ix 
nearly empty, while the lungs, right side of the heart, and 
other organs, are gorged with venous blood. To this condi- 
tion many things contribute, Ist, The obstructed passage of 























4 Tho inBuence of tho nervous system in respiration will bo again 
and more particularly considered In tho section treating of the mo- 
dolla oblongutn und pmoumogustric nerves. 
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trance of water into them ea of the correctness of this 
explanation it was found dogs of the same size, 
one, howover, having his windpipo pl lugged, the other not, wore 
submerged at the eame moment, and taken out after bei 
under water for 2 minutes, the former recovered on 
of the plug, the latter did not. It is probably to the entrance 
of water into the lungs that the speedy death in drowning is 
mainly due, ‘The results of post-mortem examination Hroogly 
support this view. On examining the lungs of animals 
prived of air by plugging the trachea, they were found simply 
congeatod ; but in tho animals drowned, not only was the con- 
gestion much more intense, accompanied with eechymosed 
points on the surface and in the substance of the lung, but the 
air-tabes were completely choked up with a sanious foam, cons 
sisting of blood, water, and muacug, churned up with the air in 
the longs by the respiratory efforts of the animal. ‘The lung- 
substance, too, appeared to be saturated and sodden with water, 
which, stained slightly with blood, poured oat at any point 
Where « section was made, The lung thus sodden with water 
was heavy (though it floated), doughy, pitted on prosaura, and 
was incapable of collapsing. It is not difficult to understand 
how, by such infarction of the tubes, air is debarred from reach- 
bg the pulmonary cells: indeed the inability of the lunge to 
collapse on opening the chest is a proof of the obstruction 
which the froth occupying the air-tabes offers to the transit of 
air. ‘The entire dependence of the early fatal iasue, in apoose 
by drowning, upon the open condition of the windpipe, and its 
resulta, was also strikingly shown by the following expori- 
ment, A strong dog had its windpipe lugged, and was then 
submerged in water for four minutes; in three-quarters of a 
minute after its release it began to breathe,and in four minutes 
had fully recovered. ‘This experiment was repeated with sim 
ilar results on other dogs. When the entrance of water into 
the lungs, and its drawing up with the air into the bronchial 
tubes by menna of the iratory efforts, were diminished, ax 
by rendering the animal issensible by chloroform previously 
to immersion, and thus depriving it of the power of making 
violent respiratory efforts, it was found that it could boar im- 
morsion for a longer period without dying than when not thus 
rendered ineensible, Probably to a like diminution in the 
respiratory efforts, may also be ascribed the greater length of 
time persone have been found tw bear submersion without 
being killed, whon in a state of intoxication, poisoning by nar- 
cotics, or during insensibility from syncope, 

It is to the accumulation of carbonic acid in the blood, and 
its conveyance into the organs, that we must, in the first place, 
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ix not lower than thnt of persons, yet the powor of 
reslatiag ould ie Yon in theta —seponure toa femperature 


i¢ same rapid diminution of tem; was 
M. Eds Li new-born Wane ya carnivorous 2 
rodent animals when wore removed from ty the 


temperature of the atmosphere cee between and 534° 
© body of the mother, 
their temperuture was only 2 or 3 degrees lower than 





others; and that the young of , cats, and mbbits, for 
example, are inferior to the young of those animals which are 
not born blind, ‘The need of external warmth to keep up 
the temperature of new-born children is well known; the re- 
searches of M. Edwards show that the want of it is, a8 Hunter 
sugeeted, u much more frequent cause of death in new-born 
children than ie generally «apposed, and furnish a strong angu- 


ment against the idea, that children, by carly ire Ww 
cold, ean soon be hardened into resisting its inj influ. 
ence. 


Ser—The a temperature of the female would 
root obearYatious by Dr Ogie'ta ba very aligttly higher thin 
that of dof tke Do = cae 

Period of 1) 1y.—The temperature ui a lu 
alteration, to the extent of about 1° to 14° F. in the course of 

day and night; the minimum being at night or ip the early 
morning, the maximum late in the afternoon, 

Exercise,— Active exercise raises tho tomperature of the body. 
‘This may be partly ascribed to the fact, that every muscular 
contraction is attended by the development of one or two de 
grees of heat in the meting musele; and that the heat is in- 
creased according to the number and rapidity of these eon- 
tractions, eee by the blood circulating from 
the heated ibly, also, some heat may be gene- 
rated in the various movemonts, stretchings, and recoilings of 
the othor tiseues, as the arteries, whose elastic walls, alternately 
dilated and contracted, may give out some heat, just as caout- 
chouc alternately stretched and recoiling becomes hot. But 
the heat thus developed cannot be great. 

Moreover, the increase of temperature throughout the whole 
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jure, 111.25°, being in the small 
PAmoag "Dr doh Da 


tem| 
the linnets, &c, Among reptiles, that 
while the medium cenaee ‘in was 75°, Paved tem- 


Fish and Invertebrata present, as a genera) ru! the sume 


high or low; only among fish, the tunny tribe, with strong 
hearts and red meat-like muscles, and more blood than the 
ay ats; are generally 7° warmer than the water 
around thera, 


with every atm) 
4 uniform temperature, which 
is combined with the want of 





power to endure such changes of temperature of their bodies 
aa are harmlese to the other clases; and when their power of 
resisting diane of temperature ceases, they euffor serious die- 
turbances or die, 


Sources and Mode of Production of Heat in the Body. 


In explaining the chemical changes effected in the process 
of respiration (p. 180), it was stated that the oxygen of the 
atmosphere taken into the blood is combined, in the course of 
the circulation, with the carbon and the hydrogen of disin- 
as and absorbed tissues, and of certain clements of food 
which have not been converted into tissues, That auch a com- 
bination between the oxygen of the atmosphere and the carbon 
aod Bye in the blood, is continually taking place, is 
made certain by the fact, that a Jurger amount of carbon and 
by ly being added to the blood from the food 
than is required for the ordinary purposes of nutrition, and 
that a quantity of oxygen ie alzo constantly being absorbed 


Pe 
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circumstances, ate discernible. these Jnwer ani- 
mals, however, the jons of Se Nerpert 
firmutory evidence. He shows that the larva, in 
respiratory organs ure smaller in comparigon with the size of 
the body, has a lower are the perfect insect. 
Volant insects have the highest temperature, and they have 
always the largest ratory organs and breathe the greatest 
quantity of air; whil Lory teen a insects, those aleo 
produce the most heat which have the largest Serine pe 
ibernation, 


and other states of inaction, respiration is slower or led, 


On the Regulation of the Temperature of the Human Body. 

The continual production of heat in the body has been 
Soar eas to. There is ulso, of necessity, a continual 
loss. ‘But in healthy, warm-blooded animals, us already re- 
marked, the loss and gain of heat are so nearly balanced one 
by the other, that under all ordinary circumstances, a uni- 
form temperuture, within two or three degrees, is preserved. 

‘The Jos of heat from the human body takes place chiefly 
y radiation aud conduction from its surface, and by meaus 
of the constant evaporation of water from the same part, and 
from the air-passages, In each act of respiration, heat is aleo 
lost by © much warmth as the expired air acquires (p. 173). 
All food and drink which enter the body at 1 lower tempera- 
ture than itself, abstract a small measure of heat, and the 
urine and fisoes take about a like amount away, when they 
Jeave the body. Lastly, some part of the heat of the near fe 
rendered imperceptible, and therefore lost as heat, by being 
manifested in the form of mechanical motion, 

By far tho most important loss of heat from the body,— 
probably 80 or 90 per cent. of the whole amount,—is that 
which from radiation, conduction, and evaporation 
from the skin. And it ix to this part especially, and in a 
smaller measure to the air-pussages, that we must look for the 
means a which the temperature is regulated ; in other words, 
by which it is prevented frou Boal beyond the normal point 
on the one hand, or sinking below it on the other, The chief 
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‘been considered almost solely with regard to the ordinary case 
of man living ina medium colder than his bedy,and therefore 
losing heat in all the mentioned. The importance of the 
means, however, mas 

ing the temperature af 





the amount of fluid evaporated in hot air may remove 
nearly as much hae os is Sao Dasha he radiation pend 
evapormtion in ordinary temperatures ; us, it is possible, 
that the quantities ‘of hent pe for the maintenaney of « 
uniform proper temperature in various climntes und seasons 
are not so di it as they, at first thought, seem, 

Many examples might be given of the which the 
body possesses of ressting the effects of a high temperature, 
in ee a ae , ition oa in ekin.. ee) 

ir Charl nan ers st @ temperature 
varying between 198° and 211° aH dry air for several 
minutes; and in a subsequent experiment he remained eight 
minutes in a temperature of 260°, But such heats are not 
tolerable when the air is moist as well as hot, so as to prevent 
evaporntion from the body. M. ©. James states, that in the 
vapor baths of Nero he was almost suffocated in a tempera~ 
ture of 112°, while in. the caves of Testaccio, in which the air 
is dry, he was but little incommoded by a temperatures of 176°. 
Ta the former, evaporation from the skin was impossible; in 
the latter, it was, probably, abundant, and the layer of vapor 
which would rise from the sartace of the ly would, by 
its very slow conducting power, defend it for a time from the 
fall action of the external hent, 

(The glandular apparatus, by which secretion of fluid from 
eA skin is effected, will be considered in the section on the 


in.) 

The ways by which the skin may be rendered more efficient 
ae a couling-apparatus by exposure, by bathe, and by other 
means, Which man inatinctively adopts for lowering his tem- 
perature when necessary, are too well known to need sore than 
Ke Doane if the tho } vd 

s a moans for lowering the temperature, the lungs and air- 
awages ure very inferior to the skin; althou, aS iving 
feat to the me we brenthe, they ae eee the skin a im- 
oe, a regulatiy wer, the inferiority is still more 
cariet ‘The air sls fe Ee pelled from the lungs leaves the 
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‘The influence of the nervous system in modifying the produc- 
tion of heat has been already referred to. a experiments 
und observations which best illustrate it are those q 
first, that when the supply of nervous influence to a part 
cut off, the temperature of that part falls below its ordinary 
degree; and, secondly, that when death is caused by severe in- 
jury to, ov removal af, the nervous centres, the temperature of 
the body rapidly falls, even though artificial respiration be 
performed, circulation maintained, and to all apy ce 
the ordinary chemical changes of the body be completely of: 
fected. It has been repeatedly noticed, that after division of 
the nerves of'a limb, its temperature falls ; and this diminution 
of beat has been remarked still more pean in limbs deprived 
of nervous influence by paralysi ‘or example, Mr. Earle 
found the temperature of the hand of « paralyzed arm to be 
70°, while the hand of the sound side had # temperature of 
92° E.On cleetrifying the paralyzed limb, the temperature 
rose to 77°. In another case, the temperature of the paral 
finger was 56° F., while that of the unaffected hand was 62°. 

Wis equal certainty, though less definitely, the influence of 
the nervous aystem on the production of heat, is shown in the 
rapid and momentary increase of temperature, sometimes 
general, at other times quite local, which is observed in states 
‘of nervous excitement; in the general increase of warmth of 
the body, sometimes amounting to porspiration, which is ex- 
cited by pussions of the mind; in the sudden rush of heat to 
the face, which is-not a mere sensation; and in the equally 
rapid diminution of temperature in the’ depresing passions. 
But none of theee instances suffices to prove that heat ie gen- 
erated by mere nervous action, independent of any chemical 
change; all are explicable, on the supposition that the nervous 
* alters, by its power of controlling the calibre of the 
bloodvessels (p. 121), the quantity of blood supplied to part; 
while any influence which the nervous system may have in the 
production of heat, spart fram this influence on the blood- 
vessels, ig an indirect one, and is derived from its power of 
causing nutritive change in the tissues, which may, by involy- 
ing the necessity of chemical action, involve the production 
of heat, ‘The existence of nerves, which regulate animal heat 
otherwise than by their influence in trophic (nutritive) or 
vaso-motor changes, although by many considered probable, it 
not yet proven. 

Ta connection with the ae of animal temperature, 
and its maintenance in health at the normal height, it is in- 
ter ig to note the resultof circumstances too powerful, oither 
in ing or lowering the heat of the body, to be controlled by 
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Nowx-Nrrrocenous : 


(1.) Amylolde—Starch, Sugar, and their allies (containing Carbon, 
Hydroge ‘and Oxygen). 
(2) Vile and Fats (containing Carbon, Hy im, and Oxygen; 
the Oxygen in much smaller proportion than in Starch or Sugar}. 
(8) Mineral or Saline Mattors, as Chloride of Sodium, Phosphate 
of Lime, &e, 
(4) Wator. 


Animals cannot subsist on any bat organic substances, and 
these must contain the several elements and compounds which 
are naturally combined with them: in other words, not even 
organic compounds are nutritive unless they are supplied in 
their natural state. Pure fibrin, pure gelatin, and other prin- 
ciples purified from the substances naturally mingled with 
them, are incapable of supporting life for more than a brief 
time, 

Moreover, health cannot be maintained by any number of 
substances derived exclusively from one only of the two chief 
groups of alimentary principles mentioned above. A mixture 
of nitrogenous and non-nitrogenous organic substances, togothor 
with the inorganic principles which are severally contained in 
them, is esential to the well-being, and, serail, even to the 
existence of an animal. The truth of this is demonstrated by 
experiments performed for the purpose, and is illustrated by 
the composition of the food prepared by nature, as the excla- 
sive source of nourishment to the young of Mammalia, namely, 
mi 

Comrosrrrox or Mrux. 


Muman. Cows 
Maley c.g a) be en Boa ‘808 
ee eee 42 
1000 1000 
Cale, ee, RE 8 
Butter,. . aed 998 88 
Sugar (with axtenstivm), : 8 40 
Salts, OE A iywinmy oo 6 
110 ua 


In milk, a2 will bo seen from the preceding table, the albu- 
minous group of alimonts is represented by tho cascin, the 
oleaginous by the butter, the aqueous by the water, the sac- 
charine by the sugar of milk. Among the sults of milk are 
likewise phosphate of lime, alkaline, and other salts, and a 
trace of iron; so that it may be briefly said to include all tho 
substances which the tissues of the growing animal need for 


a 
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exclusively on rice. But it is not only the non-nitrogenous 
tibstancen, sich, taken alous aro iawaficlent for the taahats: 
nance of health. ‘The experiments of the Academies of France 
and Amsterdam were equally conclusive that gelatin alone eon 
conse to be nutritive, 

Mr, Savory’s observations on food confirm and extend the 
results obtained hy Magendie, Chossat, and others. They show 
that animals fed exclusively on non-nitrogenous diet speedily 
emaciate and dic, as if from starvation; that a much larger 
amount of urine is voided by those fed with nitrogenous than 
by those with non-nitrogenous food; and that animal heat is 
maintained as well by the former as by the latter—a fact 
which proves that nitrogenous elements of food, az well as non- 
nitrogenous, may be regarded as calorifacient. The non-nitro- 
genous principles, however, he believes to he culorifheient es- 
sentially, not being first converted into tissue; but of the 
nitrogenous, he believes that only a part is thus directly cal- 
orifacient, the rest being employed in the formation of tissue. 
Contrary to the views of Liebig and Lehmann, Savory hms 
shown that, while animals ily die when confined to nan- 
nitrogenous dict, they may live long when fed exclusively with 
vitrogenous food. 

Man ig supported as well by food constituted wholly of ani- 
mal substances, as by that which is formed entiroly of vegeta- 
ble matters, on the condition, of course, that it contain a mix- 
ture of the various nitrogenous and non-nitt ous substances 
just shown to be esential for healthy nutrition. In the case 
of carnivorous animals, the food eivac whieh they exist, con- 
sisting as it does of the flesh and blood of other animals, not 
only contains all the elements of which their own blood aud 
tissnes are composed, but contains them combined, probably, 
in the same forms, Therefore, little more may seem requisite, 
in the preparation of this kind of food for the nutrition of the 
body, than that it should be dissolved and conveyed inte the 
blodd in u condition capable of being reorgunized. But. in 
the ease of tho herbivorous animals, which feed exclusively 
upon vegetable substances, it might seem a if there would be 

neater dilicalty in procuring. ford capable of assimilation 
into their blood and tissues, But the chief ordinary articles 
of vegetable food contain substances identical in composition 
with the albumen, fibrin, and cascin, which constitute the 
principal nutritive materials in animal food. Albumen is 
abundant in the juices and seeds of newrly all vegetables; the 
gluten which existe, cepecially in corn and other eseds of 





grasses as as in their jaices, is identical in composition 
with fibrin, and is often ater vegetable fibrin; and the sub- 








204 DIGEBTION, 


(2.) The effect of starvation on the temperature of the yari- 
ous animals experimented on by Chossat was very marked. 
For some time the variation in the daily temperature was more 


jail 
fluctuation erence 5° or 6° F., instead of 1° or 2° F., as 
in health. But a it 


found that differences of time with regard to the period of the 
fatal result are attended by the aame ultimate loss of heat, but 
the effect of the application of external warmth to animals 
cold and dying from starvation, is more effectual in reviving 
them than the administration of food. In other words, an 
animal exhausted by deprivation of nourishment is unable so 
6 digest food..aa $0 tise {b an uel, andl thakekird ia digenidont 
for heat on its supply from without. Similar facts are often 
observed in the treatment of exhaustive diseases in man. 

(3.) The eymptoms produced by starvation in the human 
subject are hunger, accompanied, or it may_be Daareres by 
pain, referred to the region of the stomuch ; inantiable thirst ; 
slooplossness ; general weakness and emaciation. ‘The exbala- 
tions botlf from the lungs and skin nre fetid, indicating the 
tendency to decomposition which belongs to badly-nouriahed 
tissues; and death occurs, sometimes after the additional ex- 
haustion caused by diarrhea, often with aymptoms of nervous 
disorder, delirium, or convulsions, 

(4) In the human subject death sirumealy eon within 
six to ten days after total deprivation of food, But this period 
may be considerably prolonged by taking a very small quan- 
tity of food, or even water only. ‘The cnses so frequently re- 
Inted of survival after many days, or even some weeks, of 
abstinence, have been due either to the last-mentioned circum- 
stances, or to others less effectual, which prevented the loss of 
heat and moisture, Cases in which life has continued after 
total abstinence from food and drink for many weeks, or 
months, exist only in the imagination of the vulgar, 

(5,) The appearances presented after death from starvation 

ose of general wasting and bloodlessness, the Intter con- 
dition being least noticeable in the bin. The stomach and 
intestines are empty and contracted, and the walls of the latter 
usually appear remarkably thinned and almost transparent. 
The secretions are scanty or absent, with the exception 
of the bile, which, somewhat concentrated usually fills the gall- 
bladder. All parts of the body rendily decompose. 
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containing @ large relative proportion of this clement, and no 


nitrogen. 
To tuke another example; the proportion of earbon to ni- 
in bread about 30 to 1. If man's diet were confined 
to bread, he would eat, therefore, in order to obtain the requi- 
site quantity of nitrogen, twice as much carbon as is neces 
sary; and it is evident, that, in this instance, a certain quan- 
tity of a substance with a large relative amount of nitrogen 
in the kind of food necesmry for redressing the balance. 

To place the preceding fucts in u tabular form, and taking 
meat os an example instend of pure albumen : meat contains 
about 10 per cent. of carbon, and rather more than 8 per cent. 
of nitrogen. Supposing a man to take meat for the supply of 
the needful carbon, he would require 45,000 grains, or nearly 
64 Ths. containing : 





Carbon, se ee = 4500 grning, 
Mowe fog co Mes eee 
Kxcess of Nitrogen above the amount required, 1600 


Bread contains about 30 per cent. of carbon and 1 per cent, 
of nitrogen. 

If bread alone, therefore, were taken as food, a man would 
require, ip order to obtain the requisite nitrugen, 30,000 grains, 
containing : 

Carbon, - = 9000 grains. 
Nitrogen, fe > 3000 
Exooss of Carbon above the amount raqaired, 4500 


Bat « combination of bread and moat would supply much 
more economically what was necessary. Thus: 


Carbon. Nitrogen. 
16}000 gratea of Dread (0¢ rather mory than 








215). contain 4500 gre. 150 ers. 
5,000 grains of meat (or about lb.) contain. 600 150" 
6000" 800" 


So that £ 1b, of meat, and less than 2 Ibs, of bread would 
supply all the needful carbon and nitrogen with but little 
waste, 


ry 
From these facts it will be plain that a mixed diet is the 
best and most economical food for man; and the result of ex- 
perience entirely coincides with what might have been antici- 
pated on theoretical grounds only, 
Tt must not be forgotten, however, that the value of certain 
foods may depend quite as much on their digestibility, as on 
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and large intestine successively ; gradually losing, by absorp- 
tion, the greater portion of its nutritive constituents, ‘The 
residue, together with such matters as may haye been added 


Fre. oF 





Diagram of the allimentary caval, The amet intestion of man le frow about’ 194 
times as long as the derge intertine. 


to it in its passage, is discharged from the rectum through the 
anus 

We shall now consider, in detail, the process of digestion, a8 
it takes place in cach stage of this journey of the food through 
the alimentary canal 
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mucoid secretion of the sabmaxillary, palating, and toneil 

lands is spread over the surface of the softened mass, to enable 
it to alide more easily through the fancea and csopl L 
‘This view obtains confirmation oni ‘tho interesting fhet pointed 
out by Professor Owon, that in the great ant-cater, whose enor- 
mously clongnted tongue is kept moist by a large quantity of 
viscid’ saliva, the submaxillary glands are pant be rs devel 
oped, while the parotids are not of unusual size, 

Beyond these, ite mechanical parposes, ealiva performs (4) 
a chemical part in the digestion of the food. When saliva, or 
a portion of a salivary gland, or even a portion of dried ptgudiv, 
is added to starch paste, the starch is very rapidly tranaformed 
into dextrin and grape-sugar; and when common raw starch 
is masticated and mingled with saliva, and kept with it at a 
temperature of 90° or 100°, the starch grains are cracked or 
eroded, and their contents are transformed in the same manner 
as the etarch 1. “Changes similar to these are effected on 
the starch of farinaceous food (especially after cooking) in the 
stomach; and it is reasonable to refer them to the action of 
the saliva, because the acid of the gnstic fluid tends to retard 
or prevent, rather than favor the transformation of the starch, 
It may therefore be held, that one purpose served by the saliva 
in the digestive — is that of assisting in the transforma- 
tion of the starch which enters so largely into the composition 
of most articles of vegetable food, and which (being naturally 
insoluble) is converted into soluble dextrin and grape-sugar, 
and made fit for absorption, 

Bosides saliva, many azotized substances, especially if in a 
state of incipient decomposition, may excite the transformation 
of starch, such as pieces of the mucous membrane of the mouth, 
bladder, rectum, and other parts, various animal and vegetable 
tissues, and even morbid products; but the gastric Suid will 
west ts the same effect. The transformation in question 
is ‘ted much more rapidly by saliva, however, than by any 
of the other fluids or substances experimented with, except the 
pancreatic secretion, which, as wall be presently shown, is very 
analogous tosaliva. ‘The actual process by which theee changes 
are effected fs still obscure. Probably the azotized substance, 

alin, acts 48 a kind of ferment, like diastase in the process 

malting, and excites molecular changes in the starch which 
rosult in ite transformation, first into dextrin and then into 














eagar. 
ie majority of observers agree that the transformation of 
starch into sugar ceases on the entrance of the food into the 
stomach, or on the addition of gastric fluid to it in a test-tube: 
while others mnintain that it still goes on. Probably all ars 
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Sea ogee pe annals ta eg ee nau 
ay ing o! la without touching thon. 
When it hasbeen. bo 


reseed over the wy ing of the |: and the mor 
wa Deda it; the alonure of tha glottis being additionally 


which the morsel descends; then the q up to 
receive it, in its turn contracts, and forces it onwards into the 


esophagus. 

In the third act, in which the food passes through the avoph- 
Agus, every part of that tube as it receives the morel and 
is idiiawed by it, is stimulated to contract: henes an undulatory 
contraction of the asuphagus, which is easily observable in 
horses while drinking, proceeds rapidly along the tube, It is 
only when the morsels swallowed are large, or taken too quickly 
in succession, that the ive contraction of the asophagus 
is slow, and attended with pain. Division of both pneumo- 
gastric nerves paralyzes the contractile power of the ao} 
and food accordingly accumulates in the tube ( De 


DIGETION OF FOOD LX THE STOMACH. 


Structure of the Stomach. 


Lt appears to be an almost universal character of avimals, 
that they have un internal cavity for the production of a 
chemical change in the aliment—a cavity for digestion ; and 
when this cavity is compound, the part in which the’ food 

ite principal and most important changes ia the 


Tn man and thoro Mammalia which are provided with a 
ingle stomach, ita walls consist of three distinct layers or coats, 
yiz., an externa] peritoneal, an interanl mucous, and an inter- 
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brane, especially in the superficial part of the corium, ia a 
quantity of a Sarnistiate kind of connective tissue, called 
reiheneex (Pig. 72), or sometimes ‘or adenoid tis- 


£0. ly resembles Uhat whieh forma the stroma, 
k of lands (see zection on 
lands); the resemblance le rauch closer 
by the fact that the inte tissue are 





corpuscles not to be distinguished from lymp! 
‘At the deepest part of the mucous membning, is a Lice of 
unstriped muscular fibres, called the muscularis ree jeire 
must not be confounded with the layers of muscle fuuting: 
the proper muscular coat, and from which it is separated 
the submucous tieeue, The muscularis mucoser ia found in the 
Haas as well as in the stomach and intestines, 

hen examined with a lens, the ine cor free surface of 
‘the stomach nts a liar honeycomb a) nance, 
duced by ahallew lyatbal Gecremiccs or ede 68) the 
diameter of which varies generally from g}pth to ytpth of an 
ees but near the ao on —_ a8 yfoth ae ne inch. 

wre separated levat ich some- 
time, especially in prt long morbid states of tho stomach, bear 
minute, narrow, vascular processes, which look like villi, and 
have fae rise to the erroneous supposition that the stomach 
has absorbing villi, like those of the small intestines. In the 
bottom of the cells minute openings are visible (Fig. 68), which 





Small portion of the surfane of ei 





(9cous membrane of the stomsch (from 
specimen shows the shallow depremions, in each of which the 


beni 
amalier dark spate indicate the ortfices of = variable mamber of the gastrle tabular 
glands. 


are the orifices of (podap ey arranged tubular glands 






(Fig. #2), imbedded side by side in sets or bundles, in the sub- 
stance of the mucous membrane, and composing nearly the 
whole structure. * 

Lee which are found in the human stomach may be 
divided into two classes, the tubular and lentiowlar. 
Tubular glands—Tho tubular glands may be d ‘ 

collection of cylinders with blind extremities, about | 





GUANDE OF THE STOMACH. a7 





Sastuce of mucous mewbrane, 


‘Tranereme mascular fibres, 


Longitedinal musealar fibres 
Perftoneam. 





120 daseters) out vertically, both ins dire 
it (altered from Brinton), 


oe paratel 10 Lis og axis, 63d orrase 
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ah length, and yf oth in dinmeter, packed clotel; 
= ‘th Satine ool angles to the cries 


ing on the submucous tissue, (See 

compozed of basoment-membrane, and lined by 

but they are not all of exactly similar 3 

ae 7 vat ate tubes, open at one end and closed 
pane at their deeper extrem 
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pale ane 
i immediate 
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ir 


plain on ce to Fig. 71, 
which represents on a larger 
scale w longitudinal section of 


ate which are branched 
deeper extremities, the 
spiel epithelium exists in 
10 divisions, while the main 
duct and the upper part of the 
Ursealen are nei ey ey lace 
: drieal variety (Fig. 70, ¢). In 
Partof one of the gasiete cians, the human stomach, according 
Highly magnified, wo show the ar: to Dr, Brinton, the simple un- 
er Se aiieien ma iviged tabes = the = je, and 
terior, a colomoar cla eli te tise apes 
sayeth te: anal as “Tho variation in the opitbolal 
2 py hea gala tai cele be tae re pete 
within: «the 
Spastic ter Sma with wih ime | “the full se. 
ageney—the eyl- 
indevepithelium, like that oa the fee varies of tie some 
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‘Water, - 5 we oy 
Solid Constituents, | G@ 1835, 
Forment, Popain (with 





a trnowof Ammonia), 420 17. 
drechloric Acid, 1.56 2 
Solids. Chloride of Calcium, . on 1.66 
< Ly Sodium, . +e anu 
“——— Pouwslam, 15t 1.07 
Phosphate of Lime, 
| Magnesia, and Tron, 2.00 278 





Tn all the above analyses the amount of water given must 
be reekoned as rather too much, inasmuch as a certain quan- 
tity of saliva was mixed with the gastric fluid. The allow- 
ance, however, to be made on this account is a very small. 
Considerable difference of opinion has existed concerning 

the nature of the fe acid contained in th i 
chiefly whether it is Aydrochlorie or lactic, 
evidence, however, is in favor of free hydrochloric acid, being 
that to which, in the human subject, the acidity of the gastric 
fluid is mainly due; although there is no doubt that others, 
rs lactic, acetic, butyric, are not unfrequently to be found 
thereii 
alt animal moter mentioned in the scalyala of the 

uid is named pepein, from ite power in the process of digee 
tion, It is an azotized substance, and is best procured by di- 
gesting portions of the mucous membrane of the stomach in 
cold water, after they have been macerated for some time in 
water at a temperature between 80° and 100° F, The warm 
water dissol ves various substances as well as someof the eae Is 
but the cold water takes up little else than pepsin, whieh, on 
evaporating the cold solution, ié obtained ink ‘gnayish-brown 
viscid fuid. The addition of alcohol throws down the 





in grayieh-white floceuli: and oue part of the principle 


us 
f dissolved in even 60,000 parts of water, will 

eet meat and other Coys ene pa 
he digestive power of the gastric fluid is manifested in its 
fing, reducing into pulp, and partially or completely dis- 
solving various articles of food placed in it at a temperature 
of from 90° to 100°, This, its peculiar property, requires the 
rescace of both the pepsin and the acid ; neither of them can 
Sigestiakaas, mad wea Wey ce mite oie eee 

tion of the popsin, or the neutralization af the 
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cireumstances, from three to four hours may be taken as the 
average time occupiod by the digestion of a meal in the stom- 


ach. 

‘Dr, Beaumont constructed a ese times required 
for the di in St. Martin's 
panna ope wie pein pp er 

sul most 4! were 
ipa, both of which were chynitfed dn ant hone aiajaaDintng 
‘trout, apples, and venison, were digested in an hour and a half; 
et milk, liver, fish, in two hours; turkey, lamb, 
potatoes, pig, ia two hours and a half; beef and mutton re- 
quired from three hours to three and a balt, and both were 
more digestible than veal; fowle were like bela in their de 
gree of digestibility. Animal substances in general, con- 
verted into chyme more rapidly than pele hy 

Dr. Beaumont’ experiments were all made on ordinary arti- 
cles of food. A minuter examination of the changes laced 
by gastric digestion on various tiseuee has been m by Dr. 

wit, Who examined mics fically the product of the arti- 
ficial digestion of different kinds of food, and the contents of 
the faces after eating the same kinds of food. The 
results of his examinations, as regards animal food, #how that 
muscular tissue breaks up into its constituent fasciculi, and 
that these aynin are divided transversely; gradually the trams 
verse étrise become indistinct, and then disappear; and finally, 
the sarcolemma seems to be diseolved, and no trace of the tise 
can be found in the chyme, excepts few frygments of fibres. 
‘These changes ensue most rapidly In the flesh of fish and hares, 
tess rapidly in that of poultry and other animals. Sh calles 
cartilage and fibro-cartilage, except thoacot ), pass unchan; 
Chicasl tae oneal anit eater eeel ee eet 
fuces. The interstitial tissues of these structures are converted 
into pulpy texturvless substances in the artificial digestive fluid, 
and are not discoverable in the fisces, Elustio fibres are un» 
changed in the digestive fluid. Fut-cells are sometimes found 
quite unaltered in the feces; and crystals of cholesterin ma 
usually be obtained from fseces, especially after the use of pork 
fat. 

As 














rds vegetable substances, Dr. Rawits states, that he 
frequent found large quantitiesof cell membranes unchanged 
in the finces; aleo #tarch-cells, commonly deprived een 

2h 







of their contents, The green coloring principle, chloro 
was usually unchanged. The walls of the say ls. 
epee wero quite unaltered by the digestive fluid, and 
were usually found in large quantities in the feces; their cou- 


tents, probably, were removed. r= 
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rendering albumen assimilable; for Bernard that, if 
diluted egg-albumen, unmixed with gustrie fluid, 


j 


pelied. inl 
The saccharine including the anyluccous principles are at 
fe vahahir oale mnckesieslittommetes eettee 
tablas eobstan Gey si thia\ 7th thor aceaeournel Ai inte 
action of the gastric fluid. The sll portion, wey destet 
and are probably at once absorbed. insoluble 
‘ones, viz, starch and Hi Fe rts of them), are ren~ 
dered soluble and capable baci ley WALSiStosoaara 
into dextrin or grape-sugar. It is probable that this change 
ix care aan extent pce peers eset rt 
‘sion of star inte sugar is L, not e . 
pened veptimatipcirded ing ba ou uently 
swallowed. The transformation of starch is conti in the 
intestinal canal, ax will be shown, by the secretion of the pan- 
creas, and perhaps by that of the intestinal glands and mu- 
cous membrane, The power of digesting uncooked starch is, 
however, very limited in man and Carnivora, for when starch 
has been taken raw, as in corn and rice, large quantities of 
the ieee are Forse unaltered wich th ecerements: S 
ing, by expanding or bursting the envel gronules, 
renders: their interior more amenable to ‘te action of the di< 
ive organs; and the abundant outriment furnished by 
rend, and the large rtion that is absorbed of the weight 
consumed, afford prs the completeness of their power to 
make its starch soluble and prepare it for ion. 

Of the oleaginous principles,—as to thelr ges in the: 
stomach, no more ean be said than that they appear to be 
reduced to minuto particles, and pass into the intestines min- 
gled with the other constituents of the chyme. In the case 
of the solid fits, this effect is probably produced by the sol- 
vent action of the gastric juice on the areolar tissue, albumin- 
ous coll-walle, &c., which enter into their composition, and by 
the solution of which the true fat is able to mingle more uni- 
formly with the other constituents of the chyme. Being fur- 
ther changed in the intestinal canal, fat is rendered capable 
of abzorption by the Inctenls, 
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ired by those who do not natu it, and by con- 
sis? eartios may become a abi? es ence 
rare occurrence in which persons habitually swallow their food 
hastily, and nearly unmasticated, and thon at their leisure re- 

‘tate it, piece by piece, into their mouth, remastiente, aad 
fain salon it, exactly as is done by the ruminant order of 


Influence of the Nervous System on Gastric Digestion. 

‘This influence ix manifold; and ix evidenced, tree the sen- 
sations which induce to the taking of food ; 2d, in the secretion 
rele ie fluid; 3d, in the movements of the food in and 

from the stomach, 

‘The sensation of hunger is manifested in cons of de. 
ficioney of food in tho system, ‘Tho mind refers the eeuration 
to the stomach; yet since the sensation is relieved by the in- 
troduction of food either into the stomach iteelf, or into the 
blood through other channels than the stomach, it would 
pear not to depend on the state of the stomach alone, This 
view is confirmed by the fact, that the division of both pneu- 
mogastrie nerves, which are the prineipal channels by which 
the mind is cognizant of the condition of the stomach, does not 
appear to allay the sensations of h rf 

it that the stomach has some share in this sensation is 
proved by the relief afforded, though only Smee by the 
introduction of even non-alimentary substances into this organ. 
It may, therefore, be suid that the sensation of hungor is de- 
rived from the system generally, but chiefly from the condition 
of the stomach, the nervesof which, we may suppose, are more 

ted by the state of the insufficiently replenished blood than 
thoee of other organs are. 

‘The sensation of thirst, indicating the want of Auid, is re- 
ferred to the fauces, although, as in hunger, this is merely the 
local declaration of a general condition existing in the system. 
For thirst is relieved tor only a very short time ny moisteoing 
the dry fauces; but may be relieved Co name the intro- 
diveuind of liquide into the blood, either through tho stomach, 
or by Injections into the bloodvessels, or by absorption from 
the su of the ekin or the intestines. “ ‘The seneation of 
thirst is perceived most naturally whenever there is a dispro- 
portionately small quantity of water in the blood; as well, 

when water has abstracted from the blood, as 
whon saline or any solid matters haye been abundantly added 
to it, theless Rei tbe if it be not an explana- 
tion of it), by saying that the nervesof the mouth and fauces, 


- |63OFl 
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Tho influence of the pnoumogastric norves over the secretion 
of gastric fluid has beon of lute even more decidedly shown by 
M. ward, who found that per: stimulus of nerves 
Paar ei ve “5 a issuing from the 

rs to ie nerves 

pepaiseeced inution and even complete arrest of the 


secretion. 
The injtuence of the nervous system on the movements of the 
stomach has been often seen in the retardation or arrest of these 


the nervous m of the stomach aj wo 
the ae esha prevails ‘hroagt, the rest of its organiza- 


stomach follow; but in the inaction of fasting, the sume stimu- 
lus produces no effect. So, while the stomach is digesting, the 
feed i too irritable to allow anything but a a ~ 


ut when digestion is ended, the undi, 
Beale eet oe ceed aaa ss ecentareeat 
Digestion of the Stomach after Death. 


Tfan animal die during the of gustrie ition, and 
when, therefore, seer of fcr jlo — in the 
interior of the stomach, tho walls of this organ iteclf aro fro- 
quently themselves acted on by their own secretion, and to 
snch an extent, that a perforation of considerable size may bo 

produced, and the contents of the stomach may in part escape 


Ly, 
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ach, is enificient to neutralize the acidity of the gastric juice, 
were it, 26 to speak, to make an attempt at dij rie 
with which it has no business; and as may be as 
what has boon . previotly said (p. 298), the neutralization of 
tho acidity of the gustric secretion is quite sufficient to destroy 
ity digestive powers. He also very ingeniously argues that 
this very sialic must, from the venicons of the circula- 
tion naturally existing in the walls of the stomach, be in- 
creased in proportion to the need of its protective influence. 
“Tn the arrangement of the vascular supply,” he remarks, “ a 
doubly effective barrier is, as it were, prone ‘The vesvels 
|e from below upwards towards the surface: capillaries 

ving thie direction ramify between the tubules by which 
the acid of the gastric juice is secreted; and being separated 
by sceretion below, must leave the blood that is proceeding 
upwards correspondingly increased in alkalinity; aod thus, 
at the period when the largest amount of acid is flowing into 
the stomach, and the greatest. protection 4a required, tes 4x 
the provision afforded in its highest state of efficiency.” 

Dr, Pavy’s theory is the best and most, ingenious hitherto 
framed in connection this subject; but the experiments 
adduced in its favor are open to many objections, and afford 
only a negative support to the conclusions they are intended 
to prove. The matter, therefore, can scarcely be considered 
finally settled, 








DIGESTION IN THE UNTESPINES. 


‘The intestinal canal is divided into two chief portions, 
named, from their diffirences in diameter, the mail and large 
intestine. These are continuous with each other, and com- 
municate by means of an opening guarded by a valye, the 
ileo-croal valve, which allows the pustuge of the products of 
digestion from the small into the large bowel, but not, under 
ordinary circumstances, in the opposite direction, 

‘The atracture and functions of cach organ or tissue con- 
cerned in intestinal digestion will be first deseribed in detail, 
and afterwards a summary will be given of the changes which 
the food undergoes in ite pemege through the intestines, Lst, 
from the pylorus to the ileo«cseal valve; and, 2d, from the 
ieo-cweal valve to the anus. 


Structure and Sceretions of the Small Intestine. 


The smnall intestine, the average length of which in an 
adult is about twenty feet, has been divided, for convenience 
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Vatoule: Conniventes. 


‘The valvulm conniventes commence in the duodenum, 
about one or two inches beyond the pylorus, and becoming 
Aarignc mai macro maesiney iintely beyond the entrance 
iMrocghont the jest; then gredatliy aisaag tates 

Po it junum ; Ip ion in size 
and umber, they cease near the iniddle of ete Io 
structure they are formed by a doubling inwards ef the mu- 
cous membrane, the ereacentic, nearly circular, folds thus 
formed being arranged tranaversely with regard to the axis 
of the intestine, and each individual fold seldom extending 
around more than 4 or i of the bowel’s circumference, Un- 
like the rugw in the stomach, they do not disappear om dis- 

tension. Only an imperfect notion of 


Pwo. 78 


manner, To understand them aright, 
uw pieco of gut should be distended 
either with air or alcohol, and pot 
opened until the tissues hnve become 
hardened. On then making a section, 
it may be seen thut instead of disuy 
pearing, as the rug@ in the stomacl 
mold under ane, irene they 
stand out at right angles to the general 
eurface of the mucous membrane (Fi, 
73), Their fonctions are probably 
these: Basides (1) offering a largely 
‘increased surface for secrotion and ab- 
sorption, they probably (2) prevent the 
too rapid pasmye of the liquid 
products of gastric digestion, lmmedi- 
Wictened ty uiotety na Stel after their eeape from the stom. 
‘opon 10 show tho normal ®¢h, and (3), by their projection, and 
Pouition of the valvule cone Consequent inlerference with @ uni- 
nbventes. form and untroubled current of the 
intestinal contents, probably assist in 

the more perfect mingling of the latter with the seeretions 
poured out to act on sry 

Glands of the Small Intestine —The glands ure of three prin- 
cipal kinds, named after their deeoribers, lande of Lieber- 
kihn, of Peyer, and of Brann. The ‘glenda ‘or follicles 

ie m an simple tabular depressions of the intestin 


> 
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membrane. Each fk (e Fi is oie td by openings like those 


jat they are 

of the long diameter of 
aed up- 
peat 






with the penton calcane of 


Ree trrak teen pressure. Neith: 
disks détectedlin the saccalos or Peyer's 


d is am imperfectly cloeed oe or follicle formed 
is memabranous cayeule of fine connective 

b ina rich plexus of minute bloodvesels, 
from which pass through the capsule and 

ly Ioopwise, the interior of the follicle (Fig. 79), 
‘the formation of the sacculus, moreover, and 
framework throughout its in- 
or tiaene (Fig. 72), continuous with 
great of the mucous membrine out- 
‘contents of each sac consist of « pale grayish 













ro. 7. 


showing 4 Peyer's 

swparation betmcen 

racemes asm wcrns Whee glimd jb, ome Of Atve tabula tole 

jet which Som the one of epenings arvund the gland |, Ave fom 
J A.V | 4 filldeles 9€ Liederdehn (after Bendy) 


cep opel Vinee, sic 
din che tic glands. 
rian glands or follicles ix still 


only belioved that each foil 
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kind of secreting cell, which, when its contents were fully ma- 
tured, formed a communication with the cavity of the intes- 
tine by the absorption or bursting of its own vell-wall, and of 
the portion of mucous membrane over it, and thus diseh 

its secretion into the intestinal canal, A smallsballow cavity 
or space was thought to remain, for atime, after this abeo 
tion or dehiscence, but shortly to disappear, together with 
trace of the previons gland. 

More recent acquaintance with the real structure of these 
bodies secms, however, to prove that they are not mere tempo- 
rary gland-cells which thus discharge their elaborated con- 
tents into the intestine and then disappear, but that they are 
rather to be regarded as structures analogous to lymphatic or 











‘Transverse section of tnjectod Peyer's elands (from KellikerL The des ving w 
taken from a proparntion wade by Irrey> ik representa the ne capillary looped 
‘work spreading from the surcouadling Wloulvemels Into the tnterlar of three of 
Toyer's capsules from the intestine of the rabbit, 








absorbent glands, and that their office is to inke up certain 
materials from the chyle, elaborate and subsequently discharge 
them into the Iacteals, with which vessels they appear to 

closely connected, although no direct communication has been 


proved to exiet between them. 
Moreorer, it baz been lately suggested that since the mo- 


ll 





BRUNN'S GLANDS. 6 


heeular and cellalar contents of the glands are so abundantly 
traversed by minute bloodvessels, important changes may mu- 

‘take place between thess contents and the blood in the 

material being aletracted frum the latter, elaborated 
by the cells, and then restored to the blood, much in the «ume 
manner as is believed to be the case in the so-called vascular 
foot ae as ios, thymus, and others; and that thus 


hol ‘be regarded as closely anak wo 
Mebteater panda. Tosti tiny cay cankion Se tne 
ions ie and vascular absorbing and 






id from the blood 


teal 
Beans | (Fig. confined to the duodenum; 
ara de nn the dn 


jet Beena’s glaads frow the burman dacderam (from Poy. 
seayeivety | its branches are eleewbere hidilea by the banches 


of wpmapae glanteles veetben 


partion of the intestine, diminishing gradually as the 
jadvances. Situated beneath the mucous membrane, 


2! 
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vesial rarely looped or branched (Fig. 81); besides granclar 
matter, fat-globules, &e. 

The of the columnar kind, and continuous with 
that living the other parts of the mucous membrane. The 
cells aro arranged with their long axis radiating from the aur- 
face of the villus (Fig. $1), and their amaller onde reeting on 
the basement-membrane. Some doubt exists concerning the 
minute structure of these cells, and their relation te the 
parts of the villus 

Beneath the basement or limiting membrane there is a rich 
- ly of bloodversels. "Two or more minute arteries are dis- 

ri ted within euch villus; and from their capillaries, which 
form a dense network, proceed one or two small veins, which 
pase out at the base of the villus. 

‘The layer of the muscidlaris mucose in the villus forms a kind 
of thin hollow cone immediately around the central Ineteal, 
and, is thereforo, situate beneath the bloodvessels. The ad- 
dition of acetic acid to the villus brings out the Raccper sd 
suclei of the muscular fibres, and shows the size and 
of the layer most distinctly. Tes use is still unknown, a “3 
‘ is impomible to resist the belief, that it is instrumental im: 

sion of chyle along the Jacteal. 

\¢ lactent vesee? envers the base of each villus, and 
up In the middle of it, extends nearly to the dip, where it 
commonly by a closed and eomewhat ee extremity. In 
the larger villi there may be two small lacteal vessels which 
end by a loop (Fig. 81.), or the Jacteals may form a kind of 
network in the villus. Tho last method of ending, however, 
is rarely or never scen in the human subject, although com 
man in some of the lower animals (a, Fig. 81). 

‘The affice of the villi is the absorption of chylé from the 
completely digested food in theintestine, ‘The mode in which 
they effect this will he considered in the chapter on Absorp- 
tion. 




















Structure of the Large Intestine. 


‘The large intestine, which in an adult is from about 4 to 
6 feet long, is subdivided for descriptive purposes into three 
portions, viz. the eweum, a short wide pouch, communicating 
with the lower ead of tho small intestine through an opening, 
guarded by the ilso-carout valve; the colon, continuous with the 
excoum, which forms the principal part of the large intestine, 
and is divided into an ascending, transverse, and descending 
portion ; and the rectum, which, pres ailatiog at its lower part, 
again contracts, and immediately afterwards opens externally 
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being obstructed, so that the secretion could not bo discharged, 
fatty or oily matter was abundant! kp ey from the 
testines. In nearly all these cases, liver was coi: 
cidently diseased, and the el ‘oc absence of the bile might 
appear to contribute to the result; yet the ency of exten- 
tive disowse of the liver, unaccompanied ikea 

from the intestines, flavors the view that, in cases, it is to 
the absence of the pancreatic fluid from the intestines that the 
exeretion or non-#! tion of fatty matter should be ascribed, 
In Bernard's experiments too, fat alwaye appoared in the 
evacuations when the pancreas was destroyed or its duct tied, 
Bernard, indeed, is of opinion that to emulsify fat is the ex- 
press office of the pancreas, and the evidence that he and 
others haye brought forward in support of thi view is 
weighty. The power of emulsifying fat, however, althoug! 
parhage malaly. Gteeread Ioy ta ssoreblon elie ‘paliereas to 
evidently possessed to some extont by other secretions poured 
into the intestines, and especially by the bile. 

3. The pancreatic secretion discharges third function also, 
namely, that of dissolving alhuminous substances ; the peptone 
produced by the action of the Miers: secretion on proteids 
‘not differing cwentially from that formed by the nection of the 
gastric juice (see p. 229), 





Structure of the Liver. 


‘The liver ix an extremely vascular orgun, and receives its 
supply of blood from two distinct veasele, the portal vein and 
hepatic artery, while the blood ia returned from it into the 
vena cava inferior by the Aepatic vein, Its secretion, the bide, 
is conveyed from it by the hepatic duet, either directly into the 
intesting, or, when digestion is not going ‘on, into the avatia 
duct, and thence into the gall-bladder, where it accumulates 
until required. The portal vein, hepatic artery, and hepatic 


duct braveh together throughout the liver, while the hepatic —_ 


— and its tributaries run by themeelves. 


where the peritoneum is absent, and ix continuous on the 
general sw ‘of the liver with the fine, and, in the human 
subject, almost imperceptible, arcolar tissue investing the 
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Inbules. At the traneverse flare it is merged in the areolar 
investment called Gliseon’s capenle, whieh surrounding the 


Pro, a, 


. 
7 
Wader parties of the liver (from Boum). 









tery im Seamererse eure; ¢, Deyatie duct in Cransrerse towu; 
Aramerense tawure; 6, ew of refiexion of peritoneum 7, rena 
Germs ermenen | 3, daria comm wis choktbechis, 


sles vein, hepatic lS haste det, a they enter at 






is made up of small 
oval portions exiled 
of which is abou 


| filled fey the liver cells. These cells (Fig. 84), 
4 Portion of the substance of the o1 
from about eho to yifoq of an in 
well-marked nuclei and granules, and having 
tinge, especially about their nucl 3 
contain aleo various sized particles of fat ; 
Tobule is very sparing!y invested by areolar tis- 


the distribution of the blood 
a 
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liver, it will be well to trace, first, the two bloadvesels and 
the duet which Ynter the organ on the under surface at the 
transverse fesure, viz., the portal vein, bepatic artery, and be- 
patic duct. As before remarked, all three run in company, 
and their appearance on longitadinal section is ehown in Fig. 
85, Running together through the substance of the liver, 











Longivadinol sestion of » portal nol, vetalaing » portal vtn, hepotie artery, 
snd hepatic duc, from the plg (after Kiernan) §. r, branch of vena porta sltaated 
joo portal camel, formed amongst the lobules of he Hiver, aul gteing off vaginal 
‘rithin the large portal veln numerous orlioes of the 

og leetly rum It} 4, hepatic artery, hepatic 











they are contained in small channels, called portad canals, their 
immodiate investmont boing a sheath of areolar tissue, called 
Glisson’s capsule, 
"To take the distribution of the portal vein first: In its course 
through the liver this vessel jgives off small branches, which 
divide and subdivide between the lobules surrounding them 
and linsiting them, and from thie circumstance called inter 
lobular veins. From these small vessels a dense capillary not- 
work is prolonged into the substance of the lobule, and this 
BRSWOEE prulublly pattlecing itaele up; oo to kpaal into larger 
vesela, converges finally to a single small vein, occupying the 
cootre of the Inbule, and hence called intralobular. ‘This ar- 
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rengement i+ well seen in Pig. 86, which represents a trans- 


verse rection of « lobule. The smoalter branches of the portal 
vein being closely surrounded by the lobules, give off directly 


Fra 


2) 





Crpenertion Hf 4 lebale of tho huinaa liver, in which the capillary network te 
tween fhe portal and hepatic veins has been Pally Injected (trom Sappoy) 49, 1 
eetion of Une satratetailat vein 2, fix smaller branches collecting blood from the 
eapetary setenek; 4, teleriobetlar firanobes of the wena porta with thelr smaller 
Famlficedony yaming Inwants iraets the capillary necwork Im the autaiance of 
Che bette. 


interlobular veins (@e Fig. 85); but here nd there, especially 
where the be eee a and duct intervene, branches called 
vagina! fret are, and breaking up in thy sheath are subso- 
hipaa distributed like the riers around the lobules and be- 
taterlobular. torger tranks ef the portal vein being 
Saenger lobules by a thicker sheath of Glison's 
hes alone, which, however, after 
enn pane eboath, are distributed like the others be- 

and become inferlobular veins, 








union, form the main branches of ah io vein, whieh leaves 

order of the liver to by two or three prin- 

— in the peas a cuy: it before its passage 

through: @ sublobular amd fie eine, 
unlike the en Soaed ite companions, Tage lie or 

areolar tissue around thom, and their cunts being very th 
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they form little more than meré channels in the liver sub- 
stance which closely surrounds them. 


Fao, a. 





Section of a portion of Hisor passlug longitudinally through & evasiderable hepatic 
‘ein, from the pig (after Kiernan) 9. 1, hepatic venous trunk, against which the 
sides of tne lobules are applied; 0, sublobulae hepatic ¥elns, on Which the basen of 
tho lobulea rest, wat through the coals of which they ace seed ax polygodal Agitren; 
‘6,0, ils of the hepaifo venous canal, forwed by the polygonal bases of the Tobuiles 


The manner in which the lobules are connected with the 
sublobular veins by means of the small intralobular veins is 
well scen in the diagram, Fig. 88, and in Fig. 87, which rep- 
resent the parts as seen in a longitudinal section. The ap- 

mance hus been likened to a twig having leaves without 

tstalke—the lobules representing the leaves, and the aub- 
lobular vein the small branch from which it eprings, On a 
transverse section, the appearance of the in vyeing is 
that of 1, Fig. 86, while both a transverse and longitudinal 
section are exhibited in Fig. 84. 

The hepatic artery, the function of which is to distribute 
blood for nutrition to Gliston’s capsule, the walls of the ducts 
and bloodvessels, and other parte of the liver, is distributed in 
a very similar manner to the portal vein, its blood being re- 
turned by small branehes either into the ramifications of the 


a 
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portal vein, or into the eapillary plexus of the lobules which 
connects the infer- and infralobular veins. 

‘The hepatic duct divides and subdivides in a manner very 
like that of the portal vein and 
hopatic artery, the larger branches Frio, a8 
being lined by cylindrical, and the 
smaller by small polygonal opi- 
thelium. exact arrangement 
of its terrsinal branches, however, 
and their relation to the livercells 
have not been clearly made out, oF, 
at least, bave not becn agreed pine. 

iMeront observers. The chief 
theories on the subject are three in 
number: 

1, That the terminal branches 
of the hepatic duct form a inter 
lobular network, which abate on 
the outermost cells ofa lobule, but 
dows not enter the inside of the lob- 





ley or Only form litle way. | win te baler of the errr 
in the lobul Peseta teaser See mleener woe ste Kier 
ineloaing them. 


3. That the ultimate branches begin is the lobules and in- 
close hepatic cells. 


Ve 2, 





. 

Aapittery isetwortenf the letrales of the rabbit's iver (tom Kolliker) 4. TH 
stipe be ttle frost sery warcessful tn)ectiou of the hepatle velus, made Yy Harte 
eg lk hoes wruals the whole of two lobules, and parts of ihiroe others; p, portal 
nrmmtives romanlng 10 thie Voterbatalar spaces; A, heyitic veiw penetrating wnt radi- 
athng Loves the orm! pe of the bobutes, 
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‘The illustrations below will show the conflicting thoories at 
a glance. 





‘Diagrams showing the arrangement of (hy radictes of the hepatic duct, according 
Wo didterent observers, 


1. 2,2 are two branches of the hepathe duct, which lo supposed to commence 
ploxus situated towants the circamference of the lobule marked &, 4, called by Kicr- 
nun the billary lexus, Within this ix sewn the central part of the lobato, contain. 
ing branches of the Intralobuler vein, 11 

2 Arnall fragment of an hopatie lobule, of which the smallest intercelialar tit 
ry ducts were Milled with coloring matter uring Tife, highly magnidies (trom 
‘Chrsomacsrwaky). 

& View of some of whe stuallest biliary dicts Mustratt 
relation to the biliary cells (from Kélliker after Beale}, 2p 

‘The drawing. is wken from an injected preparation of the pig's liver ; 9, amall 
Daneboran interlobular bepatic duct; «, sinallest biliary duets; & portions of the 
cellular port of the lobule fa whioh the colle aro seon within tuber which comend, 
nloate with the finest duets 








Deale'y view of thelr 
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the ordin: lifiable fats, there is m srall [issitey 
cholesterin (p. 20), whieh, with the other free fats, is probably 
held in solution by the tauro-cholate of soda. 


te 
A peculiar substance, which Dr. Flint has discovered in the 
finces, and named stercorin (p. 274), is closely allied to choles 
torin; and Dr. Flint believes 
that while one great function of 
cholesterin 


the liver ix to exerete 
from the blood, as the kidney 
in of 


has not yet been obtained 
owing to the facility with whick 
itis decomposed. Tt occasionally 





mucus, and in this state has been frequently examined. It 






cases of biliary obstructior i 
with the blood, and gives to the tissues the yellow tint charac 
teristic of jaundice. 

There seems to be some relationship between the coloring 
matters of the blood and bile, and, it may be added, between 
these and that of the urine also, so that it is possible they may 
be, all of them, varieties of the same pigment, orderived from 
the same cource. Nothing, however, is at present cortainly 
known regarding the relation in which one of them stands to 
the other. 

‘The mucus in bile is derived chiefly from the mucous mem- 
brane of the gall-bladder, but in purt aleo from the hepatic 
ducts and their branches, It constitutes the residue after bile 
is treated with alcohol. The sti with which it is 
mixed may be detected in the bile with the microscope in the 
form of cylindrical cols, cithar scattered or still bold together 
in layers, To the prescnee of this mucus is probably to be 
ascribed the mpid decomposition undenyune by the bilin; for. 
according to Berzelius, if the mucus be separated, bile will 
remain unchanged for many days 

¢ saline Or inorganic constituents of the bile are similar to 


> i 
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introduction of food into the stomach, the bile began to flow 
abundantly, and continued to do so during the whole period 
of digestion. Bidder and Schmidt's ohseryations are quite in 
accordance with this. 

The bile is probably formed first in the hepatic cells; then, 
being discharged into the minute hepatic ducts, it pases inte 
the Tasger trunks, and from the main hepatic duet may be 
carried at once into the duodenum, Bat, probably, this hap- 
pens only while digestion is going on; during fasting it flows 
from the common bile-duct into the cystieduct, and thenee 
into the gall-bladder, wherw it accumulates till, in the next 
period of digestion, it is discharged into tho intestine. The 
gall-bladder thus fulfils what appears to be its chief or only 
office, that of n reservoir; for its presence enubles bile to be 
constantly secreted for the purification of the blood, yet insures 
that it shall all be employed in the service of digestion, although 
digestion is periodic, aud the secretion of bile constant. 

‘The meehaniam by which the bile passes into the gall- 
is simple. The orifice through which the common bile-luct 
communicates with the duodenum is narrower than the duct, 
and appears to be closed, except when there is sufficient pres 
sure behind to force the bile through it. The pressure exer- 
cisod upon the bile secreted daring the intervals of digestion 
appears insufficient to overgome the foree with which the orifi 
of the duct is closes id the bile in the common duct, finding 
no exit in the intestine, traverses the cystic-duct, and so passes 
{nto the gall-bladder, being probably aided in this retrograde 
course by the peristaltic action of the ducts. ‘The bile is dis- 
charged from the gall-bladder, and enters the duodenum on 
the introduction of food into the small intestine: being pressed 
on by the contraction of the conts of the gall-bladder, and 
probably of the common bile-cuct also: for both these organs 
contain organic muscular fibrecells. ‘Their contraction is ex- 
cited by the stimulus of the food in the duodenum acting #0 28 
to produce a retlex ment, the force of which i eufficient 
to open the orifice of the common bilo-dact, 

‘Voicious petitanhes Harve been aide: a! the qucadl 
charged in the intestines in twenty-four hours: the quantity 
doubtless varying, like that of the gastric fluid, in proportion 
to the umount of food taken. A fair average of several com- 
putations would give thirty to forty ounces as the quantity 
daily secreted by man. 

Th perp verved by the seoretion of bile may be coneidared 
to be of two principal kinds, viz, exerementitiovs and digestive, 

As an excrementitious substance, the bile serves expecially 
a2 a medinm for the separation of excess of carbon and hydro- 
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after absorption, the carbon and hydrogen of the bilin com= 
bining with oxygen, are excreted as carbonic acid and water. 
‘The destination of the bile is, on this el) essentially the 
same in both foetal = peti: res ly, in former, 

directly |, in the latter ‘most part indirvetiy, 
being, before final ejection, modified in ita al be from the 
intestines, and with the blood, 


The from the direct to the indirect: mode of exer 
tion of the bile may, with much probability, be comected with 
1 purpose in relation to the development of hent. The tem~ 
perature of the foetus is maintained “ie rent, and 
needs no source of heat within the body of the Insel; 
but, in extra-uterine life, there iz (a8 one may say) a waste of 
material for heat wheo any excretion is dischai unoxid- 

; the carbon and hydrogen of the bilin, theret instead 
of being ejected in the feces, are reabsorbed, in order that 
they may be combined with oxygen, and that in the combina. 
tion, heat may be generated, 

From the peculiar manner in which the liver is supplied 
with much ad dhe blood that flows through it, it is pro! 5 
as Dr. Budd suggest, that this organ is exeretory, not only 
for euch hydro-carbonaceous matters a8 may need expulsion 
from any portion of the blood, but that it serves for the direct 

rifleation of the stream which, arriving by the portal vein, 

aa just gathered up various substances in its course through 

the digestive organs—substances which may need to be ex- 

pelled, almost immediately after their absorption. For it is 

easily conceivable that many things may be taken uF during 
r 


digestion, which not only are unfit for of nutrition, but: 
Wish wouldibe poaltively lajurious iF allowed toisaliigle wish 
the geueral mass of the blood, The liver, therefore, may be 
sup] placed in the only road by which such matters can 
= into the general current, jealously to guard against their 

thor Vic iege and taro them back again into an excretory 
channel. The frequency with which metallic poisons are 
either excreted by the liver or intercepted and retained, often 
for a considerable time, in its own substance, may be adduced 
as evidence for the probable trath of this supposition. 

MMsugh One chtet parpous of abecsesreticarot hile mney. dun 
‘appear to be the purlfcation of the blood by ultimate excre- 
tion, yet there are many reasone for believing that, while it ie 
in the intestines, it Mme au important part in the process 
of digestion. In nearly all animals, for example, the bile ix 
discharged, not strange an excretory duct communicating 
with the external sus or with a simple reservoir, a4 moat 
secretions are, but is made to pass into the intestinal canal, sy 


=, 
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the nti on the arent vat he ar me 
ephesca fico thet testing dbeke'is 
ibe oa mth aro “ug ete i dhe Tver 


‘periment of Magendie, 
mia aed tasleriaevicha tie epoeeeertoeaeT 
a oe eteeee 
faxes 





we know on this au ent aa that the low form of albu- 
minous matter, or al esas conveyed trom the alimentary: 
canal by the blood of the portal vein, requires to be submitted 
to the influence of the liver before it can be assimilated by the 
blood; for if such albuminous matter is injected inte the jugn- 
Jnr vein, it speedily appears in the urine; but if in weed 
inte the portal vein, aud thus allowed to traverse the liver, it 
is no longer ejected as @ foreign substance, but is probably 
incorporated with the albuminous part of the blood 
An important influence seems also to be exerted by the liver 
oases the succharine matters derived from thealimentary canal, 
ie? purpose of the saccharine and amylaceous prinei- 
ples of food is, probubly, in relation to respiration nod tho 
production of animal heat; but in order that pent muy full | 
this, their main office, it seems to he essential that they Shon 4 
undergo some intermediate change, which is effected in the 
liver, and which consists in their conversion into a peculiar 
form of saccharine matter, very similar to glucose, or diabetic 
sugar. That such influence is exerted by the liver seems 
proved by the fact that when cane sugar is injected into the 
jugular vein it is apeedily thrown out of the system, and ap- 
pears in the urine; but when injected into the portal vein,and 
aie 1 arene Serine it ae to he Sante at 
idneys; an ee more to the point, s ve ne 
quantity of glucose may be injected into fed aye 
without any trace of it appearing in the urine. So that re aay 
be ae that the a Tne of the food un- 
in their purage through the liver, some transformation 
sewn to the subsequent purpose they have to fulfil in rela~ 


Pa 
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in alcohol. It is converted into, with dilute 
acids, or by eontact with an pie 
‘There are two chief theories concerning the immediate desti- 
pre . (1.) According to Bernard and most other 
phy Tee conversion into sugar takes phe rapidly 
faring 





only occurs after death, and that during life no sugar exists in 
healthy livers,—the amyloid substance or Flyeogen being pre- 
vented by some force from Tess transformation. 
‘The chief arguments advanced by Payy in support of this view 
aire, first, that scarcely a trace of sugar is jin blood drawn 
during life from the Fight ventricle, or in blood collected from 
the right side of the beart immediately after an anital has 
heen suddenly deprived of life, while if the examination be 
delayed for a little while after death, sugar in abundance may 
be found in such blood; secondly, that the liver, like the 
venous blood in the heart, is, at the moment of death, almost 
completely free trom sugar, although afterwards its tissue 
speedily becomes eccharine, unless the formation of sugar be 
prevented by freezing, boiling, or other means caleulated to 
interfere with the action of a ferment ou the amyloid substance 
of the onan, “Instead of adopting Barnant's view, that nur 
mally, during lifo, gl passes as sugar into epatic 
een blood, and th is conveyed to the lungs an 
further disposed of, Pavy cs to believe that it may repre- 
sent an intermediate stage in the formation of fat from ma- 
terials abeorbed from the alimentary canal, 

For the present we must remain uncertain as to which of 
these theories contains most truth in it. 

Whatever be the destination of this peculiar amyloid sub- 
stance formed at the liver, most recent observers agree that it 












ity it increased after feeding, espe 
i much sugar or starch, it is 
ved from saccharine principles 
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nection with the influence of the nervous system on the pro- 
duction of glucose. 


Summary of the Changes which take place in the Food during its 
Ht ‘Pamage through the Small Intestine. a 

In order to understand the changes in the food which occur 
during its passage through the small intestine, it will be well 
to refer briefly to the state in which it leaves the stomach 
through the pylorus, Tt has been sald before, that the chief 
office of the stomach is pot only to mix into a uniform mace 
all the varieties of food that reach it through the asophagus, 
but especially to dissolve the nitrogenous portion by moans of 
the gastric juice. The ay mattors, as thoir sojourn in 
the stomach, become more thoroughly mingled with the other 
constituents of the food taken, but are not yet in a state fit for 
absorption. ‘The conversion of starch into sugar, which began 
in the mouth, has been interfered with, although not stopped 
altogether. The soluble mattere—both those whieh were so 
from the first, as sugar and saline matter, and those which 
have been made so by the netion of the saliva and gastrie 
juice—have bogun to disappear by absorption into the blood- 
vessels, and the same thing has befallen such fluids as may 
have been swallowed,—wine, water, &c. 

The thin pultaccous chyme, therefore, which during the 
whole period of gastric digestion, is being ‘constantly equeezed 
or strained through the pyloric orifice into the duodenum, con- 
cists of albuminous matter, broken down, dissolving and half 
dissolved, fatey mattor, broken down, but not dissalved at all, 
starch vory slowly in process of conversion into sugar, and aa 
it becomes sugar, also dissolving in the fluids with which it ii 
mixed; while with these are mingled gnstric fluid, and fluid 
that has been swallowed, together with such portions of the 
food w# are not digestible and will be finally expelled as part 
of the fixoes. 

On the entrance of the chyme into the duodenum, it is sub- 
jected co the influence of the fluid secreted by Lieberkiihn’s 
and Bruno's glands, before described, and to that of the bile 
and pancreatic juice, which are poured into this part of the 
intestine. 

Without doubt, that part of digestion which itis a chief 
duty of the small intestine 1 perform, is the alteration of the 
fat in buch & manner as to make it fit for absorption, And 
there is no doubt that this change is chiefly effected in the 
npper part of the small intestine. What is the exact share of 
the process, however, allotted respectively to the bile, pancreatic 
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Composition of Fevers 
Water,.  . ot oe eh ee 
[7 Pe Pn nr cetrmeey rw eure A207 


iol oxcromontitious constituents: Exeretia, 
exeretoleie noid (Murcet), and stervorin 
(Austin Flint), 

Suits: Chiefly phosphate of magnesia and phos- 
phate of lime, with «mall quantities of iron, 
soda, lime, and rilica. 

Insoluble reddue of the food (chiefly starch, | 267,00 
rains, woody tissue, particles of cartilage, 
and fibrous tissue, undigested mascalar fibres 
or fat, and the like, with insoluble yubstancoy 
aovidantally introduced with the fod), 

Mocus,epitheliam,sltered coloring mutter of bile, 
fatty acide, &e. 











‘The time occupied by the journey of a given portion of food 
from the stomach to the anus, varies considerably even in 
health, and on this account, probably, it is that such different 
opinions bave been expressed in regard to the subject. Dr. 

rinton supposes twelve hours to be oceupied by the journey 
of un ordinary meal through the smal intestine, and twenty- 
at 3 thirty-six hours by the passage through the large 

wel. 





On the Gases contained in the Stomach and Intestines. 


It need scarcely be romarked that, under ordinary circum- 
stances, the alimentary canal contains a considerublé quantity 
of guseous matter. Any one who has had occasion, in a post- 
mortem examination, either to lay open the intestines, or to let 
out the gas which they contain, must have been struck by the 
small space afterwards occupied by the bowels, and by the 
Inrge dogrve, therefore, in which the gas, which naturally dis- 
tends them, contributes to fill the cavity of the abdomen. In- 
deed, the presence of air in the intestines is so constant, and, 
within certain limits, the amount in health so uniform, that 
there can be no doubt that its existence here is not a mors ac 
cident, but intended to serve a definite and important purpose, 
although, probably, a mechanical one. 

‘The sources of the gas contained in the stomach and bowels 
may bo thus enumerated : 

1. Air introduced in the act of swallowing either food or 


saliva, 
2. Gases developed by the decomposition of alimentary 


= ae 
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exposed to the absorbent power of all the villi and blood- 
vewels of the mucous membrane. The movement of the intes- 
tines is peristaltic or vermicular, and is elfeoted by the alternate 
contractions and dilatations of eucceesive portions of the intes- 
tinal coats, The contractions, which may commence at any 
point of the intestine, extend in a wave-like manner slong the 
tube. In any given portion, the longitudinal muscular fibres 
contract first, or more than the cirew they draw a ion, 
of the intestine upwards, or, asit were, backwards, over the sub- 
stance to be propelled, and then the cirealar fibres of the same 
portion contraeti eoession from above downwards, or, 
as it wore, from behind forwarde, press on the substance into 
the portion next below, in which at once the same succession 
of actions next ensucs. Those movements take place slowly, 
and, in health, aro commonly unpercoived by the mind; but 
they are perceptible when they aro accelernted under the in- 
fluence of any irritant. 

‘The movements of the intestines are sometimes retrograde ; 
and there is no hindrance to the backward movement of the 
contents of the small inteetine. But almost complete security 
is afforded against the se of the contents of the large into 
the small intestine by the ileo-cwral valve. Besides, the orifiee 
of communication between the ileum and cmcum (at the bor- 
ders of which orifice are the folds of mucous membrane which 











tion of which prevents the undue dilatation of the orifice. 
Proceeding from above downwards, the muaseular fibres of 
the large intestine become, on the whole, stronger in direct 
proportion to the greater streagth required for the onward 
moving of the feces, which are gradually becoming firmer. 
The greatest etrength ia in tho rectum, at the termination of 


which the circular unstriped muscular fibres form a strong 
band ealled the internal sphincter, while an external sphincter 
muscle with striped fibres is placed rather lower down, and 
more externally, und holds the orifice close by a constant 
slight contraction under the influence of the spinal cord. 

¢ peculiar condition of the sphincter, in relation to the 
nervous system, will be again referred to. ‘The remaining 
portion of the intestinal canal is under tho direct influence of 
the sympathetic or ganglionic ayatem, and, indirectly, or more 
distantly, is subject to the influen if the brain and spinal 
cord, which influence appears to be, in some degree, transmitted 
through the vague nerve. Experimental irritation of the brain 
or card produces no evident or constant effect on the move- 
ments of the intestines during life; yet in consequence of cer- 
tain conditions of the mind, the movements are accelerated or 
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of nearly every part of the body, aad by their other extremi- 
ies they end directly or indirectly in two trunks which open 
into the large veins near the heart (Fig. 92). Their contents, 
the fymph ani ehyle, unlike the blood, pass only in ane dirm: 
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fer extremities 





Mingrasa of the petucipal graups o€ lymphatic vousnle (feo Gusto’. 


tion, namely, fram the fine branches to the trank and sa to 
the large veins, on entering which they are mingled with the 
stream of blood, and form part of ita constituents, Remeni- 
boring the course of the duid in the lymphatic vemels, vit, Hts 
pamage in the direction oaly towerda the large veins in the 
seighborhood of the heart it will be readily seen from Fig, 92 
that the greater part of tho cantents of the I i 

of vessels pases through | comparatively large trunk called 
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the thoracic duct, which finally emptice its contents into tho 
bloodstream at the eat of the internal jugular and sub- 
clavian veins of the ‘There is a sinaller duct on the 
right side, ‘The | sueleentio meetical coaatare 
called farteals, because, during digestion, the fluid contained 
in them resembles milk in ance; and the f in the 
Tacteals during the poriod of digestion is called chyfe. There 





Wo. 9. 





rriela of the fem aint neck OF te upper pa OF sho trv fron Mase 
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‘and the common carotid srtery, the upper sscending 
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of nearly every part of the body, and by their other extremi- 
ties they cud directly or indireetly in two. trunks which open 
inta the Large veins near the heart (Fig. 92). ‘Their contents, 
the lymph and olyle, antike the blood, pass only in one direc- 
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Diagram of the principal groups ef lym 





powels (from Qasin), 


tion, namely, from the fine branches to the trunk and so to 
the iarge veins, on entering which they are mingled with the 
stream of blood, and form part of ite constituents, Remem- 
bering the course of the fluid in the lymphatic vessels, viz, its 
pastage in the direction only towards the large veins in the 
Faghtestroa of tho heart, it will be rendily seen from Fig. 92 
that the greater part of the contents of the lymphatic «ystem 
of vessels passes through a comparatively large trunk called 
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in thea resale milk fn apperance: tad the fmph in the 
Tucteals ditring the period, on is called chyle. ‘There 


Ye on 


Liproplestie yeu of vhs bel aint ook oi the wyyer part ofthe 
chest and prricardian Aare deen upesed 


Waet. The termination of the upper Ty rmsbation€ Ube a 
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in the small intestine of a pre eee chyle 
ee eee en erepeicins wetness corre: 


ea raene ce derived from the contractility of the 
oa walls, ‘Kalliker, after watching the lymphatics 
tail of Saenz cat no distinct 


rafter dhaath they contract, and then, 
2A : 
oy Cat (ae er 


on to see the or lacteal vessels fall. ‘Their 
a the influence of stimuli has been 
der by Kalliker, who applicd the wire of an electro 
|; (ue to some wellfilled dresphstcs om the 
i jar the removal is log by am 
‘noticed that tho calibre of the vemwels diminished 
: is most that this contraction 
of the verwels vevurs during life, and that it consists, not in 
f altic or undatatory movements, but in a uniforin con- 
ction poe successive portions of the vessels, by which 
meadily upon their contents, and which 

with thetr relaxation. 


¢ und Lacteal vewels in some part of 





one or more small bodies called Lym 





le of 
“landular 


trabecular meshwork 


glandatibetance is contained; in the form of nod- 
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ules in the cortical alveoli, and of rounded cords in the 
medullary part (Fig. 97), The gland-substance of one part 
is continuous ‘directly or indirectly with that of all others. 





Section of m mesenteric gland from the wa. stighily wagalfied. 9, bilue: b(n the 
contra) part of the figure), medullary substance ; ©, corjlcal substance with Indise 
‘inet slveotl; u capmolo (afer Kétilher) 


‘The essential structure of lymphatic gland-substance resem- 
bles that which was described ux existing, in a simple form, in 
the interior of the solitary and ngminated intestinal follicles 





Section of medullary substance of an ingulnal gland of an ox (magnified 90 
ameter). 0,0 glandular sulatance or pulp forming rounded cords jolning in 2 
continuous net (dark {n the gure); ¢,«, trabecule; the apace, b,6, between thoxe 
Sod the glandular substance ix the lymph-olaus, waalied clear of corpuscles and 
travereod by filaments of reliform connective tiesina, 3 
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all of it, and oceupying the alveoli 
eames Catied in i ociek of toe 
‘of conpective tissue termed refiform tissue (Fig. 98), 
fl boo 
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tf 
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ins of aditlary ssbatance frcea a msontoric lund of the or (mag~ 
A A Areberebe | 4, part of s cond of glandular wobsianees frow 
the hare been watbed out to show Its sap- 
 tetifoen tiene ad lis cepiliery bleed vessels which have hewn 
the Sigerw) ; 6,0, iyseph-xinas, of which the retort tino 

ater Katitcer) 


free space between the sland-palp 
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Thi 
stroma, 
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by 


cortical portior 
of the other. 

Bleced vessels are freely distributed to the trabecular tissue 
and to the gland-palp (Fig. 98), 


Properties of Lymph and Chyle. 
‘The fluid, or fymph, contained in the lymphatic vesels is, 
inary Cireamstances, clear, transparent, and 
Jess, or ofa pale yellow tint. It is devoid af smell, i slightly 
alkaline, and has a saline taste, As seen with the micro- 
noupt ia the seal Feaeneasoek Toe ee 


contains no corpuscles or 
v kind; and it is probably only fa the larger trunks in 
civic ts ivlph ws more laberte, thet Say evry arb 
iyle, ti mph is more el that any are 
form. These corpasces are similar to thore in the chile 
bat less numerous. The fuid im which the corpuscles float 
% commonly and in bealth albuminous, amd contains no fatty 





is increased. 

fluid cootained in the Goteals, or lymphatic vemels of 

preparing taglh- fo freee 
in no inary : 

tion, it becomes milky, and is pen inna ial 

Chyle is an opaque, whitish Mui fing milk in ap- 

| (pas eas having a neutral or slightly jie reaction. 

ts whiteness aad opacity are dwe to t of insumer- 

though neatly unidwe sim, emurng 9a Ue aeeege shot 

i size, measuring oa Ube a t 

soben Of an inch (Gulliver), These comstivete what Mr. Gul- 
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Jeft at rest. Such a clot i like one of 
the red corpuscles, having the chyle-corpscle 
entangled and the fatty mattor forming a white creamy 
film on the surface of the scram. But the elot of chyle is softer 
and moister than that of blood, Like blood, also, the chyle 
often remains for a long time in its vessels without coagu- 
lating, but in rapidly on being removed from them 
( Boutsson ). ie existence of fibrin, or of the materials which 
by their anion form it (p. 62 ef veg.), is, therefore, certain; ite 
inerease appears to be commensurate with that of the corpus- 
eles; and, like them, it isnot absorbed as such from the ehyme 
(for no Sibrin exists in the chyle in the villi), but is gradually 
elaborated out of the albumen which chyle in its earliest con- 
dition contains. 

4 structure of the chylo-corpuscles was described when 
ng of the white corpuscles Of the blood, with whieh they 
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spat 
are identical. 





h lysis of the two fluids obtained 
from the lacteae and the lymphatice of a donkey is thus given 
by Dr. Owen 








Chyte, Lymph, 

w2F 90,086 
3516 1.200 
0.870 0.120 
1.665 1660 
gel & tence, 
on 0, 

100 000, 100.000 


The analyss of Nase afford an estimate of the relative com- 
positions of the lymph, chyle, and blood of the horse! 


Ady from that given at 





nnlyris of the blood differs rather 
page 72: Mat If it bo crronewas, itis probabl 
exist in the aes of the lymph und 
tables fm the text may represent accurately encagh thy fclntion in 
which tho three Side stanil to each other. 
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like tho liquor sanguinis, diluted, but ataally becoming. 
more concentrated ; and their corpuscles im process of 
development into red blood-corpascles. Thus, in quality, the 
lymph and chyle are adapted to replenish the blood: and their 
quantity, 20 far ae it can be estimated, appeare ample for this 
purposes, In-ono of Magendie’s exporiments, half an ounce of 
chyle was collected in five minutes from the thoracic duct of « 
middle-ized dog ; Collard de Martigny obtained nine grains of 
lymph, in ten minutes, from the thoracicduet of a mbbit which 
lind taken no food for twenty-four houra; und Gieger, feom 
pounds of lymph daily from the foot of n ‘horse, 
the sume quantity had been flowing several yearns 
without injury to health. Bidder found, om opening the tho= 
racic duct in cats, immediately after death, that the mingled 
lymph and chyle continued to flow from one to six minutes; 
and, from the quantity thus obtained, he estimated that if the 
contents of the thoracic duct continued to move at the eame 
the quantity which would pass into a cat’s blood in twenty- 
four hours would be equal to about one-sixth of the weight of 
the whole body. And, since the estimated weight of the blood 
in eats ia to the weight of their bodies as 1,7, the quantity of 
lymph daily traversing the thoracic duct would appear to, be 
about equal to the quantity of blood at any time contained in 
the animals. Schmidt's observations on foala have yielded 
very similar reeults, By another series of experiments, Bidder 
estimated that the quantity of lymph traversing the thoracic 
duet of a dog in twenty-four hours ts about equal to tworthinds 
of the blood in the body. If we take these estimates, it will 
not follow from them the whole of an animal's blood is 
daily replaced by the development of lymph and chyle; for 
even if the quantity af lymph and chyls daily formed be equal 
to that of the blood, the solid contents of the blood will be 
much too great to be replaced by those of the lymph and ehyle, 
Accordiug to Nasse’s analyses, the iter of a given 
quantity of blood could not be replaced out of less than three 
or four times the quantity of lymph and chyle. 






















































Absorption by the Lucteal Vessels. 


During the passage of the chyme along the whole tract of 
the intestinal canal, its completely digested parts ure absorbed 
by the: bloodvessels and lacteals divtributed in the mucous 
membrane, The hloodyessele sepeee to absorb chiefly the 
disolved portions of the food, and these, including especially 
the albuminous and saccharine, they imbibe without choice; 
whatever can mix with the blood puses into the vessels, as 
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will be presently described. But the Incteals appear to absorb 
Meme hake ee 

, sels ol 
spe a nt tly ta Lingle Actor erat er ed 
the steal] intestine; for in these on aera both the 
capillary hloadvewois and the ee are brought almost into 


ons. 

alrendly stated di that the villi of Uhosmall intestine 
82), are minute vascular processes of mucous 
int scstnar ky containing x delicate network of bloodvessels 
and one rice are ike by - sheath of eylin- 
drical epitheliam. interspaces of the mucous mem- 
brane beeween the villi, as | as over all the rest of the 
intestinal eanal, the lactenls and bloodvesels are also densely 

Mistzilwted in a close network, the lactenle, however, bela 
eee supplied to the large than to the amall iv- 


ot ee ta be ow doubt that absorption af fatty matters 
|, from the contents of the intestines, ix officted 
by the alls which line the intestinal tract, 
and ae these which clothe the surtiee of the vi 
(Pig. 81). these epithelial cells, again, the fatty pai 
are sate weg? the interior of the lacteal vessels (Figs. 
‘81 and. how they pass, and what laws govern their #0 
eae at prac exactly en. raat = 
5 of al the epithe- 
ees 
pat eres contractile walls; and that the ab- 
‘of fatty particle slo facilitate by the promnee af 
een Te intestinal secretions, which 
Por it bat been found by expe 


ot vif through an animal membrane is made 
the latter is impreganted with an alkaline 


Absorption by the Lymphatic Vewvels, 
onl aoalh af the lymph, and the mode in which ics 
td the lymphatic vessels, were loug mat- 
But the problem has been much sisnplitiod 
rat ge ofthe anatomical relations Hof the 
llaries. It ix must probable that thi Sie is 
from the liquor sanguinis, wie 
is always exuding from 
















josoly: 
either 








292 ABSORPTION. 


eset hy atees in the vessels of the part from which the 


ymph is examined. Thus tr'popeiat that of 
is of the lymph is directly rtionate to the 
blood ; and that when fluids are en the blood vessels 


in sufficient quantity to distend the injected substance 

may be almost directly aftorwards found in the lymphatics, 

probable, however, that some other matters than 
contained in the exuded liquor sunguinis may 





iginal 


find their way with it into the npn of vessels. whieh, 





wo to the Pelahyny of the lymph and chyle ix oad 
in =i muscular anes, named ih and Fig 204), and 
Mr, Wharton Jones bus lately panera 

of the vel is a lymph-henrt nlao, ‘The number and Saas of 


Fo 100, 





Lymphatic beart (¥ tines long, 4 lives browd) of w large species of serpent, the 
Pythoo bisittatus (after E Weber). 4. The external cellular coat. & The thick 
‘muscular coat, Four muscular columay run across its cavity, which communicates 
with three lywphatior (1--only ome bs sean hero), with two velne (2,2) & The 
smooth Hong membrane of thowavity. 2 Axtnall appendage, or aurlebe, the eavity 
of Which ts continuons with that oF the rat of the organ. 





these organs vary, In frogs aud tonds ee are usually fo 
two anterior and two posterior: im th 

heart on each side ix situated in th 

neath the skin; the thin vera tach 

coe of the 
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being, like the membranous of the eadosmometer, 
ab aca 10 tig a, tthe a bel 
composed that most fuide will mingle with it, The process of 
sina) eae instructive, bh very ii degree, 
may be observed Peat tien vascular removed 

iv. a one be placed in a-vossel of water, 
it will shortly swell, and become heavier aud mow 


the piece of tissue also will become bloodstained ; if all 
os — at perfect rest, the stain derived from the solution of 
the ool 


loring matter of the blood (together with which. 

‘tect some of the albumen and other partes of the liquor 
sanguinis) will spread more widely every day, ‘The same will 
happen if the pice of tissue be placed in a saline solution in- 
stead of water, or in a solution of coloring or odorous matter, 
either of which will give their tinge or smell to the blood, au 











cur 
rent of the circulation, and that the coloring matter of tho 
blood ix not dissolved so as to ooze out of the into 


the fluid which they are absorbing. 
The absorption of gases by the blood may be thus simply 
imitated. If venous blood be suspended in & moist bladderin 
ir, its surface will be reddened by the contact of oxy; 
which is first dissolved in the fluid that moistens the bladder, 
aud is then carried in the thuid to the surface of the blood : 
while, on the other hand, watery vapor and earbonie acid will 
pass through the membrane, and be exhaled i 
To all these cases alike there is a mutual 
tweon the substances ; while the blood is recei 
giving out ite coloring matter and other constituents: or, while 
it is receiving oxygen, it is giving out carbonicacid and water; 
eo that, at the end of the experiment, the two substances em- 
in it are mixed; and if, instead of a piece of tissue,one 
taken 4 single bloodvessel full of blood and placed it in 
the water, both blood and water would, after a time, have been 
found both inside and outside the vessel. In such a ease, more- 
over, if one were to determine nccurately the quantity of water 
that passed to the blood, and of blood that passed to the water, 
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ments may also be rubbed into the bloodvessels; but there are 
no facts to determine how these various substances effect their 
passage, Oil, minutely divided, ax in an emulsion, will pass 
slowly into bloodvesscls, as it, will through a filter moistened 
with water (Vogel); and, without doubt, fatty matters find 
their way into the bloodvessels as well nx the lymphvessels of 
the intestinal canal, although the latter seem to be specially 
intended for their absorption. 

As in the experiments before referred to, the less dense the 
fluid to be absorbed, the more speedy, as a general rule, is its 
absorption by the living bloodvessels, Hence the rapid ab- 
sorption of water from the stomach ; aleo of weak saline solu- 
tions ; but with strong solutions, thore appears less absorption 
into, than effusion from, the bloodvessela. 

‘The absorption is the less rapid the fuller and tenser the 
blood vessels are; and the tension may be so great as to hinder 
altogether the entrance of more fl Thus, Magendie found 
that when he injected water into a dog's veins to repletion, 
poison was absorbed yery slowly ; but when he diminished the 
tension of the vewels by bleeding, the poison acted quickly. 
So, when cuppingglasses are placed over a polsoned " 
they retard the absorption of the poieon, not only by diminish- 
ing the velocity of the cireulation in the part, but by filling all 
its vessels too full to admit more, 

On the same ground, absorption is the quicker the more 
rapid the circulation of the blood; not becnuse the fluid to be 
absorbed is more quickly imbibed into the tissues, or mingled 
with the blood, but because us fast aa it enters the blood, it is 
earried away from the part, and the blood, being constantly 
renewed, is constantly az fit as at the first for the reception of 
the substance to be absorbed, 
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parts retain a perfect aniformity, may be proved, if it can be 
shown that all the parts of the body ure sabject to waste and 
impairment. 

In many parts, the removal of particles ix evident, ‘Thus, 
as will be shown wheo epeaking of secretion, the elementary 
structures composing glands are the parts of which the seere- 
tions are composed: each glind is constantly casting off its 
celle, or their contents, in the secretion which it forms: yet 
each gland maintains its size and proper composition, because 
for every cell cast off' a new one is produced. So also the 
bm rmisand all such tissues are maintained. In the mus- 

ies, it seems nearly certain, that each act of contraction ix 
accompanied with a change in the composition of the con- 
tracting tissue, coe ¢ change from this cause is less 
rapid and extensive than waa once supposed, ‘Thence, the 
development of heat in acting muscles, and then the discharge 
of urea, carbonic acid, and water—the ordi products of 
the decomposition of the animal tissues—which follows all 
active muscular exercise. Indeed, the researches of Helm- 
holtz almost demonstrate the chemical change that muscles 
undergo after long-repeated contractions; yet the muscles 
retain their structure and composition, because the particles 
thus changed are replaced by new ones resembling those which 

receded them. So again, the increase of alkuline phosphates 
Neckaryed with the urine after great mental exertion, seems 
to prove that the various acts of the nervous ayetem are at- 
tended with change in the composition of the nervous tissue ; 
yet the condition of that tisauc is maintained. Lo short, for 
every tissue there is sufficient evidence of impairment in the 
discharge of its functions: without such change, the produc- 
tion or resistance of physical force is hardly conceivable: and 
the proof ns well as the purpose of the nutritive process ap 
pears in the repair or replacement of the changed particles: 
xo that, notwithstanding its loses, each tisiue ix maintained 
unchanged, 

But besides the impairment and change of composition to 
which all parts are subject in the discharge of their natural 
functions, an amount of impairment which will be in direct 
proportion to thoir activity, thoy are all liable to decay and 
degeneration of their particles, even while their natural actions 
are not called forth. It may be proved, as Dr, Carpenter first 
clearly showed, that every particle of the body is formed for a 
certain period of existence tn the ordinary condition of active 
life; at the end of which period, if aot previously aaa by 
outward force or exercise, it degenerates and is absorbed, or 
dies and {is cast out. 
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time, it continues thus to live and grow; and the vigor of the 
pulp Iasts rather longer than De aoe a 
At continues to produce pi; @ ms 

stange of the ine aoe ce cane cortical substance han Become 


tinet, because of the pigment-colls covering its eurface. 
At length the eli 
colored cells are alone produced, maintain the latest 
| SS of the huir. With these it appears to grow yot some: 
ther distance; for traces of the elongation of their nuclei 
into fibres appear io lincs running from the inner surface of 
the capsule inwards and along the surface of the hair; and the 
column of dark medullary substance ceases at some distance 
above the lower end of the contracted hair-bulb. ‘The end of 
all is the complete closure of the conical cayity in which the 


hair-pulp was lodged, the cessation of the of new 
calls from the inner surface of the capsule, and the detach- 
ment of the hair, which, as a dead part, is ‘and falls. 

Such ie the lio of w lnir, and wuch its death ; which death 


reo of 
i Yet, before the hair dies, ision is made fc 

life. Yet, befor linge there sepa below i 
base x dark spot, the germ or young pulp of the new hair 
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cles eee and in Sale pees in the teeth, 
there is evidence of decomposition of the old cells, in the fact 
of the different influence which acetic acid and exer 
nies on tae and on ee ee en, that the 
process of nutrition, as thus di in active organs 
and in elementary cells, 1 in these similar, the 
general conclusion may be that, in nutri the ordinary 
course of each complete elementary organ in the body, after 
the attainment of its perfect state by development amd growth, 
is to remain in that state for a time; then, independently of 
the death or decay of the whole body, and in some 
independently of its own exercise, or exposure to 
violence, to die or to degenerate; and then, being east out or 
absorbed, to make way for ite seen See aR or 

It appears, moreover, that the length part 
is to enjoy ia fixed and determinate, though in some 
subject to accidents and to the expenditure of life in exercise. 
Tris not likely that all parts aro mado to last a certain and 
equal time, and then all need to be changed. The bones, for 
instance, when once completely formed, must Inst longer than 
the muscles and other softer tissues. But when we see that the 
life of certain parts ix of determined length, whether they be 
used or not, we may awume, from analogy, the sume of 
nearly all. 

Now, the deciduous human teeth haye an appointed average 
daration of lif. So have the deciduous teeth of all other 
animals; and in all the numerous instances of moulting, shod- 
ding of antlers, of desquamation, change of plumage in birds, 
aud of hair in Mammalia, the only explanation is that, these 
organs have their severally appointed times of living, at the 
ends of which they degenerate, die, are cast away, and in duc 
time are replaced by others, which, in their turn, are to be de- 
veloped to perfection, to live their life in the mature state, and 
in their turn to be cast off, So also, in some elementary etruc- 
tures, we may discern the eame laws of determinate period of 
life, death, or degeneration, and replacement, They are evi- 
dent in the history of the blood-corpuseles, both in the super- 
seding of the first set of them by the second at a definite period 
in the life of the embryo, and in the replacement of those that 
degenerate by others new-formed from lymph-corpuscles, (See 
p83.) And if we could suppose the blood-corpuscles 
together in 1 tissue instead of floating, we miyht have in the 
changes they present an image of the nutrition of the clements 
of the tissues, 

‘The duration of life in euch partinte is, however, linble to be 
modified ; especially by the exercise of the function of the 
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hind is not formed of germs derived from the row before: the 
front row ix simply repeated in the second ane, Ue meta 


yer 

dere celle derivea 1c. germa form the layers abosscklstete. 
velopment is not like a reproduction of the cells that have gone 
on towards the surface before them: it is only a dieseie Te 
is not improbable that much of the difference in tho degree of 
repair, of which the several tisues are capable after injuries 
or diseases, may be connected with these differences in, their 
ordinary mode of nutrition. 

In order that the process of nutrition may be diated! ne 
complished, certain conditions are neceseary. the 
most important are; 1. A right state and composition of the 
blood, from which the materials for nutrition are derived. 
A regular and not far distant supply of such blood, 3. A cor- 
tain influence of the nervous system, 4. A natural state of 
the part to be nourished. 

1. This right condition of the blood does not necessarily im- 
ply ite accordance with any known standard of compositis 
common to all kinds of healthy blood, but rather theexistence 
of'a certain adaptation between the blood aud the tissues, and 
even the several portions of each tissue. Such an adaptation, 
peculiar to each individual, ix determined in its firat ion, 
and is maintained in the concurrent development and inerease 
of both blood and tissues; and upon its maintenance tn adult 
life appears to depend the contirmance of a healthy process of 
nutrition, or, at least, the preservation of that exact sameness 
of the whole body and ite parte, which conetitutes the perfec 
tion of nutrition, Some notice of the maintenance of this 
sameness in the blood has been given already (p. 84), in 
spoaking of the power of assimilation which the exer 
clsea, a power exactly comparable with this of maintenance by 
nutrition in the tissues. And evidence of the adaptation be- 
tween the blood and the tissues, and of the execeding fineness 
of the adjustment by which it i# maintained, is afforded by the 
phenomena of diseases, in which, afver the introduction of cer- 
tain animal poisons, even in very minute quantities, the whole 
mass of the blood is altered in composition, and the solid tie 
sues aire perverted in their nutrition. It ig necessary to refer 
only to euch diseases u# syphilis, small-pox, and other erup- 
tive fevers, in illustration. And when the absolute dependence 
of all the tissues on the blood for their yery existence is re- 
membered, on the one hand, and, on the other, the rapidity 
with which substances introduced into the blood are di 
into all, even non-vascular textures (p, 207), it need be no 
source of wonder that uny, even the slightest alteration, from 
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itself on every side: a striking instance how, from the same 
peculiar assimilative and self-farmative power. 

S. The third condition said to be essential to a healthy na- 
trition, is « certain. of the nervows ayslem. 

It bas been held the nervous system cannot be esseatial 
to a healthy course of nutrition, because in plants and the 
early embryo, and in tho lowest animals, in which no nervous 
ayetem is developed, nutrition gocs on without it, But this is 
no proof that in animals which have a nervous system, nutri- 
tion may be independent of it; rather it may be assumed, that 
in ascending development, as one system after another is added 
or ine: |, 40 the highest (and, highest of all, th 
system) will alwaye be inserted and blended ip a more 
more Intimate relation with all the rest: arconding to the 

1 law, that the interdependence of parts augments with 
their development. 

The reasonableness of this assumption is proved by many 
fucts showing the influence of the nervous system on nutrition, 
and by the most striking of these facts being observed in the 
higher animals, and especially in man. The influence of the 
mind in the production, aggravation, and cure of onganie di 
eases ix matter of daily observation, and a sufficient proof of 
influence exercised on nutrition through the nervous a 

Independently of mental influence, injuries cither to por- 
tions of the nervous centres, or to individual nerves, are fre~ 
quently followed by defective nutrition of the ‘supplied 
by the injured nerves, or deriving their nervous influence from 
the dai portions of the nervous centres, Thus, lesions of 
the spinal cord are sometimes followed by mortification of por- 
tions of the paralyzed parts; and this may take place 

ickly, as in a caso by Sir B, C, Brodie, in which the 

loughed within twenty-four hours after an injury of the 

After such lesions also, the repair of injuries in the faralyead 
[et may tuke place less completely than in others; 8, Mr. 

vers mentions # ease in which paraplegia was produced by 
fractare of the lumbar vertebreo, and, in the same accident, the 
humerus and tibia were fractured, The former in due time 
united; the latter did not. The same fhet was illustrated by 
some experiments of Dr. Baly, in which having, in sulaman- 
ders, cut off the end of the tail, and then thrust a thin wire 
sonfe distance up the spinal canal, so as todestroy the cord, he 
found that the endof the tail was reproduced more slowly than 
in other ealamanders in whom the epinal cord was left unin- 
jured above the point at which the tail wae amputated. Llus- 
trations of the sume kind are furnished by the several cases in 
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the nutrition of the tiesues and Bae to which are sup 
plied. Such epecial nerves are called trophic nerves (eee chap- 
ter on the Nervous System). 

Tt is not at present possible to say whether the influence on 
nutrition is exercised through the cerebrospinal or throngh the 
sympathotic nerves, which, in the parts on which the obeerva- 
tion has been made, are generally combined in the sumesxheath. 
‘The truth perhnps is, that it may be exerted through either or 
both of these nerves. The defect of nutrition which ensues 
after lesion of the spinal cord alone, the sympathetic nerves 
being uninjured, and the general atrophy which sometimes 
occurs in consequence of diseases of the brain, seem to prove 
the influence of the cerebro-spinal system: while the observa- 
tion of Magendic and Mayer, that inflammation of the eye ia 
a constant result of ligature of the sympathetic nerve in the 
neck, and many other observations of « similar kind, exhibit 
very well the influence of the latter nerve in nutrition. 

4. The fourth condition necessary to healthy nutrition is « 
healthy state of the part to be nouriched. This seems proved 
by the very nature of the process, which consists in the forma- 
tion of new parte like those already existing; for, unless the 
latter are healthy, the former cannot be so, Whatever be the 
condition of a part, it is apt to be perpetuated by assimilating 
exuctly to itself, and endowing with all its peculiarities, the 
new particles which it forms to replace those that degenerate. 
So long as a part is healthy,and the other conditions of healthy 
nutrition exist, it maintains its healthy condition, But, ae- 
cording to the same Jaw, if the structare of a part be diseased 
or in any way altered from its natural condition, the alteration 
ig maintained; the altered, like the healthy structure, is per- 
petuated, 

‘The same exactness of the awimilation of the new purts to 
the old, which ix seen in the nutrition of the healthy tissues, 
may be observed also in those that are formed in discas. By 
it, the exact form and relative size of a cicatrix are preserved 
from year w year; by it, the thickening sud induration to 
which inflammation gives riso are kopt up, and the various 
morbid states of the tlood in struma, syphilis, and other chronic 
diseases are maintained, notwithstanding all diversities of diet, 
By this precision of the assimilating process, may be explained 
the law that certain diseases oceur only once in the same per- 
#00, and that certain others are apt to recur frequently ; because 
in both cases alike, the alteration produced by the first attack 
of the disease is maintained by the exact likeness whieh the 
now parts bear to the old ones. 

The period, however, during which an alteration of structura 
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degree of occasional pressure or friction, as in the palms of 
ths hands of persons employed in rough manual labor; by 
the enlargement and increased hardness of muscles that are 
largely exercised ; and by many other facts of a like kind. 
‘The increased power of nutrition ha forth in such growth is 
greater than might be supposed; for the immediate effect of 
incroused exercis# of a part must be greater using of its 
tissne, and might be expected to entail « permanent thinning 
or diminution of the substance of the part. But the energy 
with which frech particles are formed is sufficient not only to 
replace ees Pome that are worn away, but to cause an 
increase in the substance of the part—the amount of this in- 
erase boing proportioned to the more than urual dogree in 
which its functions are exercised. 

The growth of a part from undue exercise of its functions 
is always, in itself, a heulthy process; and the increased size 
which results from it must be distinguikhed from the various 
kind of enlargement to which the same may be subject 
from disease. In the former case, the enlargement is due to 
an inereased quantity of healthy tissue, providing more than 
the previous power to meot a particular emergency; the other 
may be the result of a deposit of morbid material within the 
natural structure of the part, diminishing, instend of augment- 
ing, its fitness for its office. Such a healthy process of growth 
in a part, attended with incrensed power and activity of its 
functions, may, however, occur as the consequence of disease 
in some other part; in which ease it is commonly called Hy- 
pertrophy, i. ¢., excess of nutrition. ‘The most familiar ox- 
amples of this are in the increased thickness and robustness 
of the muscular walls of the cavitics of the heart in cases of 
continued obstruction to the circulation; and in the increased 
development of the muscular cont of the urinary bladder 
when, from any cause, the free discharge of urine fron it is 
interfered with. In both these casus, though the origin of the 
growth is the consequence of disease, yet the growth itself is 
natural, and ite end is the benefit of the economy ; it is only 
common growth renewed or oxercied in a part which had 
attained its size in due proportion to the rest of the bod) 

Tt may be further mentioned, in relation to the phy 
‘of this subject, that when the inerease of function, which is 
requisite in the cases from which hypertrophy results, cannot 
be efficiently discharged by mere increase of the ordinary 
tissue of the part, the development of a new and higher kind 
‘of tissue ix uontly combined with this growth. An éxam- 
ple of this is furnished by the uterus, in the walle vf which, 
Cacti heatome erin by pregnancy, or by the growth of 
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for their separation are termed eceretiona; in the latter, they 
are named exeretions, 

Most of the secretions consist of substances which, probably, 
do not preexist in the same form in the blood, but require 

‘i and 4 proces of claboration for their formation, 
© g» the liver for the formation of bile, the mammary gland 
for the formation of milk. The excretions, on the other hand, 
commonly or ebjefly consist of eubetanoes which, ax urea, car- 
bonie acid, and probubly uric acid, exist ready-formed in the 
blood, and are merely abstracted therefrom, If from any 
cause, such as extensive disease or extirpation of an exeretory 
organ, the separation of an exeretion is prevented, and an aé- 
cumulation of it in the blood cnsucs, it frequently escapes 
through other organs, and may be detected in various fluids of 
the body, But this ts never the case with secretions; at least 
‘with those that are most elaborated ; for aftar the removal of the 
spocial organs by which any of them is elaborated, it ia no longer 
formed, Cases sometimes occur in which the secretion con- 
tinues to be formed by the uatural organ, but not being able to 
eeeupe towards the oxtorior, on account of some obstruction, is 
rewbsorbed into the blood, and afterwards discharged from it 
by exudation in other ways; but these are not instances of true 
vicarious secretion, and must not be thus regarded, 

These circumstances, and their final destination, are, how 
ever, the only particulars in which secretions and exoretions 
can be distinguished ; for, in general, the structure of the parts 
engaged in chainating exertions, ¢. g., the kidneys, ia a4 com- 
plex ns that of the parts concerned in the formution of seere- 
tions, And since the differences of the two processes of sepa- 
ration, corresponding with those in the several pury and 
destinations of the fluids, are not yet ascertained, it will be 
eufficiont to apeak in general terme of the process of separation 
or secretion. 

Every secreting apparatus possesses, as essential parts of its 
structure, x simple and apparently textureless membrane, 
named the primary or basement-membrane; certain cells; and 
bloodvexsels, These three structural elements are arranged 
together in various ways; but wll the varieties may be classed 
under one or other of two prineipal divisions, namely, mem= 
brance and glands, 








SKCRETING MEMIRANTS 


‘The principal secreting membranes are the serous and syno- 
i mbranes, the mucous membranes, aud the skin.” 





1 The rkin will be desoribed in» eubsoquent chapter 
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Inte tie ta ead 

Tt ales probate that the formation of synovial tluid isa 
process of tere genuine and elaborate ~eretion, by means of 
the epithelial celle on th of the membrane, and espe 
cially of theme whieh are accumulated on the edzes and pro- 
cose of" xenovial fringes; for, in its peculiar density, vie 
adit alanee of albumnes n, svnovia differs alike from 
xx and from the fluid of any of the serous 























‘embranca line all those passages by which in- 
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ese from the body, or if they are again received into the 
lood, it is oply after they have been altered from thei original 
condition, as in the cases of the suliva and bile, There ap- 
pears, however, to be 2 modification of the of seere- 
tion, in which certain materials are anny 
undergo some change, and are added to the or: 

to the blood, without being previously dist from the 
secreting organ, or made use of for secon 

The boilies in which this modified form of secretion splas, 
are usually described as vascular glands, or glands 

ducts, and include the spleen, Dealt and 

the supra-renal eapenles, and, ng to, er 
and Gull, the pincal gland and pituitary body; possibly, also 
the tonsils, 

The solitary and agminute glands of the intestine (p. 242), 
and iaipbegiante in general, also closely resemble them: in- 
deed, in structure and function, the yaecular glands bear 
a close relation, on the one hand, to the true sec ds, 
and on the other, to the lymphatic gh 

‘The evidence in favor of the view that these organs exercise 
‘a function analogous to that of secreting gl has been 








Fre. 108. 





‘Vonioles from the thyvokd gland of s child (from Kéltiker) 290, 4, connective time 
‘betwoen the vexlcien; h,eapanin of Lhe vealelan; ¢ thelr epithelial lining. 





chiefly obtained from investigations into their structure, which 
have shown that most of the Hepes without duets contain the 
une esential structures ax the secreting glands, except the 
ducts. Thoy are mainly composed of vosiclos, or sacouli, either 
simple and closed, as in the thyroid (Fig. 106), and supra: 
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renal eee variously branched, and with the cavities of 
the several broke commniating in and by common canals, 
aa in the thymus (/ OT). These vesicloe, like the acini of 
Foch anfetlerny are ied af a delicate horn us mem 
brane, are surrounded with and often traversed by a vascular 
plexus, and are filled with finely molecular albuminous fluid, 
suspended in which are cither granules of fat, or cytoblasts, or 

Se om cleat ello nate of al these. 
ae meh The spleen is covered external 
almost berons coat derived from the pert- 
hey gate Hie is the pr fibrous coat or capsule 
‘ie crean, alia emia of connective tissue, with 


Poa 107. 





‘Trvmeveren metion of a Joba of an injected Infantile thymus giant (aller Kole 
ed MO diameters). 9. capnule of connective timer mirrounding the 

Ah memibirame of tiny glatetular venictes; c, cavity of the lobule, from wich 

Are rom (0 extend Cowarsis and ramalfy x Sve splveretital 


oF the aploen, Prolonged from its inner surfice are 
F trabeculér, which enter the interior of the 


aiding sd anaes in all parts, form a 
tin ik or stroma, in the interstices ba! 
Of the spleen, of the spleen-pulp, 


ubstance 
‘the hilns of the spleen, or the part at 











ously changed ; large cells containing 
either pigment allied to the coating: sasiten of the blond, or 
rounded corpuscles like red blood-cel 

The splenic artery, which enters the spleen hy its concave 
surfaew or Ailes, divides and subdivides, with but little anne 
tomosis between its brauches, in the midat of the nr bs 
at the same time that behets ha sheathed, ns eu 
by the fibrous coat, whicl 7% to speak, carry into the 
spleen with them.’ Ending in ‘capillaries, they either cot- 
munieate, ax in other parts of the body, with the radicles of 
the veins, or end in lacunar spaees in the spleenspulp, from 
which veine arise (Gray). 

On the face of a section of the spleen can be usually seen, 
readily with the naked eye, minute, scattered, rounded or oval 
whitish spots, mostly from zo to ci ineh in diameter. These 
are the Sm fe ‘corp of the spleen, and are aituated on 
the sheaths of the minute splenic arteries, of which, indeed, 
they may be said to be outgrowths (Fig. 108). For while the 
sheaths of the larger arteries are constructed of ordinary con- 
‘nective tissue, this has become modified where it forms an in- 
vestment for the smaller vessels, so as to be a fine retiform 
tisue, with abundance of corpuscles, like lymph-corpuseles, 
contained in its meshes; and the Malpighian cot lee are 
but small outgrowths of this eytogenous or cell-bearing counee- 
tive tissue. They are com ‘of masses of corpuscles, inter- 
sected in all parts by a delicate fibrillar tissue, which, though 
it invests the Malpighian bodies, does not form a complete 
capsule. Blood-capiliaries traverse the Malpighian corpuscles 
and form a plexus in their interior. The structure of a Mal- 
pizhian corpuscle of the sploen is, therefore, very similar to 
that of lymphatic-gland aut oe (p. 284), 





The general resemblances in structure between certain of 
the vascular glands and the true glands lead to the supposition 
that both sete of organs pursue, up to a certain point, @ similar 
course in the discharge of their functions. It is assumed that 
certain principles in an inferior state of organizativa are effoxed 
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from the yesels into the sacculi, and gradually develop inte 
nuclei or eytwblasts, which may be further developed into cells; 
that in the growth of these nuclei and cells, the materials de- 


| Fito, 10s, 





| ‘The fqureahows n portion Of a swall srtery, to one uf the twigs of which the 
‘Malpighian corpuscles are attached, 


Hived from the blood are elaborated into a higher condition of 
opti that ae ates by d Se 

rl into mphatics, or are ayain receiv 
blood, Acco npeaene Sor nutrition they eoateliate to 


glands thus serve for the 
af the blood, is supported by their being 


iy active in the discharge of their functions durin; 
and childhood, when, for the development an: 
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‘The thickness of the epidermis on different portions of the 
skin is absey ne to the inher presi and 
other sources of injury to which it is exposed; and the more it 
is subjected to such injury, within certain limits, the more 
does it grow, and the thicker and more horny does it become; 
for it serves as well to protect the sensitive and vascular cuti 
from injury from without, as to limit the e 
from the bloodyesels. e adaptation of 
the latter purposes may be well shown by 

two dead hands or feet, of which one has its epidermis perfect, 
and the other is deprived of it; in « day, the ski 
ter will become brown, dry, and horo-like, while that of the 
former will almost retai natural moisture, 

Cutis vera.—The corium or cutis, which rests upon a layer of 
adipose and cellular tissue of varying thickness, is a dense and 
tough, but yielding and highly elastic stracture, composed of 
fasciculi of fibro-cellular tisue, interwoven in all directions, 
and forming, by their interlacements, numerous spnees or 
areole. Thew arelw are large in the desper layers of the 
cutis, aud are there usually filled with little masses of fat a 
112): but, in the more superficial parts, they are exceedingly 
small or entirely obliterated. 

By means of its toughnos, flexibility, and clasticity, the skin 
iseminently qualified toserve as the general integument of the 
body, for defending the internal purts from external violence, 
and readily peas and adapting iteelf to their various move- 
ments and changes of position. But, from the abundant sup- 

ly of sensitive nerve-fibres which it receives, it is enabled to 
aif) 8 not less important purpose in serving ae the principal 
organ of the sonse of touch, The entire sui ‘of the skin is 
extremely sensitive, but its tactile properties are due chiefly to 
the abandant papillse with which itis studded. "These papillae 
are conical elevations of the corium, with a single or divided 
free extremity, more prominent and more densoly set at some 
parts than at ce igs. 110 and 111). The parts on which 
they are most al nt and most prominent are the palmar 
surface of the hands and fingers, and the soles of the feet— 
rts, thorefore, in which the eense of touch ke most acute, 

1 these parts’ they are disposed in double rows, in parallel 
curved lines, separated from each other by depressions (Fig. 
119) Thus’ they may be seon casily on the palm, whereon 
acl 
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raised line ix composed of a double row of papillie, and 
is intersected by short transverse lines or furrows corresponding 
with the interspaces between the successive pairs of papille. 
Over other parts of the skin they are more or less thinly seat- 
tered, and aro scarcely olevated above the surface. Their 
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in is abundantly supplied with blood, receiving from 
= ular sara bein dice Gane aoreiotaere 
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corpuscle (Figs. 136, 137), occupying the prineiy of the 
interior of the papilla oy termed a Teebetatic fie 


Foe 11m 
© * 


6 


Faplibe from the vin of the band, freed from the cuticle and exhibiting the tac~ 
le corputcles. Magoided 350 diameters 4, sirople papilla with four norre-Abres 
Papllle treated with ortle achBL w, cvetieal layer 
venta} b, tactile carpuscle with tranaverse nuclelj ¢, 

or pertoocrlum ; 4, worrediires winding round the 

corpomie. ¢. Pople rlewed from abore 90.98 to apprar ayn crow-acction : 4, sorti- 
cal lager) b, norrestbro; «sheath of the tactile corpusste containing nclei; 
‘core (after Kélliker). 


The nature of thie body is obscure. Kollikor, Huxley, and 
others, regard it as little else than a mass of fibrous or con- 
nective tissue, surrounded by clastic fibres, and formed, accord. 
ing to Huxley, by an increased development of the netrilemma 
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cells which seat i the boundary of the canal in this 
part wate somewhat ad arringed from those af the 


Inyer under the ‘aia and ne like _ ees sue 
glands, t in ‘og larger aw wi very 
short ie opus and Back, wher they an iat 
numerous, the glands amount to on the square incl 
(Krause). epee tal oaeaber K tigen timate at 2,381, ae 5 
woes f ice of ench glend to present a surfics 
‘of yoth of o in diameter (and 5 ding a tine as equal 
to ‘of au inch), be reckons that the whole of the glands 
ee pent an evaporating surface of about eight square 


Son Glands Besides the perspiration, the rkin se- 
liar eer and for this purpose is provided 
Shs anfiver sot of a tecmed sees 
ipa 


ad. ‘ax the apus, nose, lips, 
ae They a entirely absent from the palmar 
hoes surfaces of the feet. 


sae > of the sks close 


Soe is more usual, directly into the follicle of 
\" the latter case, there are gencrally two glands 
hair (Fig. 115 


evar salon substance scoreted by the skin of the 
is named cerumen, and the glat 
5 but they do not anach diffe 
jiaroas glands. 
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Sructure of Hair and Nails, 


Hoir—A bait is produced by a peculiar growth and modi- 
fication of the epidermis, Externally jt ix covered by a layer 


Tie 118. Pe ute, 
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Fo, 1-—sebaoeous glands of the skin, aftor Gurl: a, sebaceous ghands opening 
Auto the follicle of the batt hy edferent duets; b, a hair on Its faite 

Fin, Uéy—Swentgtand and the commencement of its duck @. Yenous radicios 
‘on the wall of tecoll iu which the gland rests. This vein ausatomones with others 
in the vicinity. 6 Capillaries of the glaud sepatwiely represented, acsltig from 
their arteries, vhich also annstomens, ‘The bloodvesela are all altuated on the it~ 
ide or dep surfase of the tube, in comtnet with the harement-morbenne—Magt 
a5diam, 














of fine scales closely imbricated, or averlapping like the tiles 
of x house, but with the free edges turned upwards (Fig. 116, 
A). It is called the ontiole of the baie. ath this isa 
much thicker layer of elongated horny cells, closely packed 
together so as to resemble a fibrous structure. This, very 
commonly, in the human subject, occupies the whole of the 
inside of the hair; but in some cases there is left a small con- 
tral space filled by a substance called the medulla or pith, 
compesed ‘af small collections of irregularly shaped cells, con- 
taloing fat- and pigment-granules. 

The follicle, in which the root of each hair ig contained 
(Fig. 117), forms a tubular depression from the surface of the 
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under surface on the froat part of the matrix, which is here 
called the bed of the nnil Tiitm part of the fomteix fe not wa 


fro, 37. 








Fin, 117—Mediomesived hair to its fol 
Keer ayatetm cut abort ;2, root; « knob; d, he 
root-sheath jg, A dermulo coat of fotllel 
Hearn oc menses Saywr of apliorniay » eppee MAN of fated rootabeath (fom 

‘Allileee), 

Fic. 11—Magnifiod view af the root of a air (after Kobra 
‘shaft of hair cut acront; 6, Inner, and ¢, ouver layer of 
ale-follichy, eallod sive the nner and outer roolaheath 
‘of the halesfofite) 
on the ausfuco of ve hair, The adjacent cutioleof che rvot-slveath x wot repre 
scuted, and ihe papilte is bidden in the lower part of the knob where that is rop- 
resented Lightor. 











formly smooth on the surface, but is raised in the form of lon- 
gitudmal and nearly parallel ridges or Inminw, on which are 
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ET eer cells of which the nail is made up 

if 

Te goo te ae that of 2 pee a so epi- 

dermis generally, is cffected by a constant luction of cel 
ima behind, to take the pluoe of those which are 

worn or cut away. Inasmuch, however, aa the posterior 

of the nail, from its being lodged in a groove of the skin, ean- 


Fe, 10 





« 
‘Fartea tranrrore section through a small portion of the natl and matrtx largely 
saagnltied (after KOll(ker, 
‘A,orsiant of the ratl-bot, raloed into ridges or amine 4, dicing ta between core 
‘opening letew bof the mall S, Malpighian, and C horny bayer of mall; & 
deepest and verstent cette | 6, upyres Gatsened oolls of Malplghlan Taser. 


row backwards, on additions being made to it, s0 easily 
‘cin, past in the opposite direction, any growth at 
pe se the whole forwards.’ Ai the same 






e 
‘are added to its under surface, and thus each por- 
‘the nail becomes gradually thicker as it moves to the 

J ing beyond the surface of the matrix, itean 
‘Bo fresh addition from bencath, and is simply moved 
the growth at its root, to be at Inst worn away or 
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Excretion by the Skin, 


The skin, a already stated, ie the seat of a twofold exere- 
tion ; of that formed by the eebaccous glanda and hair-follicles, 
and of the more watery fluid, the sweat or perspiration, elimi- 
nated by the sndoriparous glands, 

The secretion of the esbaccous glands and Aair-follicles (for 
their products cannot be separated) consists of cast-off epi 
lium-cells, with nuclei ani mules, together with an oily 
matter, extractive matter, and stem in certain parts, alsa, it 
is mixed with a peculiar edorows principle, which ie said by 
Dr, Fischer to contain caproic, butyric, and rutic acids. It is, 
perhaps, nearly similar in composition to the unctuous coat- 
ing, or vernix caaeoss, which is formed an the body of the 
fostus while in the uterus, and which contains large quantities 
both of olein and margarin (J. Davy). Its purpose seema to 
be that of keeping the skin moist supple, and, by its oily 
nature, of both hindering the evaporation from the su: 7 
and guarding tho skin from the effeets of the long-continued ac- 
tion of moisture. But while it thus serves | purposes, its 
removal from the body entitles it to be reckoned among the 
exeretions of the skin; though the share it has in the purify- 
ing of the blood cannot be diseorned, 

The fluid secreted by the endoriparoua glands is ueually 
formed ao gradually, that the watery portion of it escapes by 
evaporation as fast ax it reaches the surface. But, during 
strong exercise, exposure to great external warmth, in some 
discascs, and when evaporation is prevented by the application 
of oiled silk or plaster, the secretion becomes mors sensible 
and collects on the skin in the form of drops of fluld. A 
analysis of the secretion of these glands, unmixed with other 
fluids secreted from the skin, can scarcely be made; for the 
quantity that can be collected. pure is very small. Krause in 
few drops from the palm of the hand, found an acid reac- 
tion, oily matter, and margarin, with water. 

The perapiration of the skin, as the term is sometimes em~ 
ployed ‘in physiology, includes all thst portion of the seere- 
tions and exudations from the skin which passes off by eva 
onition; the «eat ineludes that which may be collected only 
in drops of fluid on the surface of the skin, The two terms 
are, however, most often used synonymously; and for distine- 
tion, the former is called inaanyible piration: the latter, 
sensible perspiration. The fluids are the same, except that the 
sweat is commonly mingled with various substances lying on 
the surface of the ski. ‘The cantents of the sweat are, io part, 
matters capable of assuming the form of vapor, such as cnr- 
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thirty-two grai 

of by pets aby 

by exhalation, cutaneous and pulmonary, in " 

i about 34 1b; the minimum about 15 Ib. Vi 

the whole quantity lost by exhalation from the cutancous and 

respiratory surfaces of a healthy man who consumed anit 

40,000 grains of food and drink, to be 19,000. Sea 

Subtracting from thia, for the pulmonary exbalation, 
ins, and, for the excess of the weight of the exhaled car- 
ic acid over that of the | -rolimne of iar o 

ge gmins, the remainder, 11,744 grains, or mearly 1 

oe Say sogreeent an average amount of cutaneous exhalation 
the day. 

The |; juantity of watery vapor thus exhaled from the 
skin, pill pees that the amount exereted by simple 
tion through the cuticle must be very large, if we may take 
Kranse’s estimate of about eight square inches for the total 
evaporating surface of the sudoriparous glands; for not more 
than about 3365 grains could be evaporated from such a sur 
face in twenty-four hours, under the ordinary circumstances in 
which the surfnee of the skin is placed. jis eetimate is not 
an a une, for it agrees very closely with that of 
Milne-Edwards, who calculated that when the temperature of 
the atmosphore is not above 68° F., the dular socretion 
of the ekin contributes only {th to the total sam of cutaneous 
saheitie! ms i a 

© quantity of watery vupor lost by transpiration, ix 
course influenced by all éxternal sheteebiees which affect 
the exhalation from other evaporating surfaces, such as the 
temperature, the hygrometric state, and the stillness of the 
atmosphere, But, of the variations to which it is subject un- 
der the influence of these conditions, no calculation bas been 
exactly made, 

Neither, until recently, has there been any estimate of the 
quantity of earbonie acid exhaled by the skin on an average, 
or in various circumstances. eure and Reiget attempted 
to supply this defect, and concluded, from some careful exper- 
iments, that the quantity of carbonic acid exhaled from the 
skin of a warm-blooded animal is about gpth of that furnished 
by the pulmonary respiration, Dr, Edward Smith's ealeula- 
tion is somewhat less than this. The cutaneous exhalation is 
most ubuadant in the lower classes of animals, more particu- 
Inrly the naked Amphibia, as frogs and toads, whose skin is 
thin and moist, avd readily [rates an interchange of gasee 
between the blood circulating in it and the surrounding atmos- 
phere. Bischoff found that, after the lungs of frogs had been 
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He waz then carefully dried and again weighed. Twelve 
experiments were pertoebed in this manner; and in 
was a gain of weight, varying from 2 scruples to 5 drachms 
and 4 scruples, or a mean gain of | drachm 2 scruples and 13 
‘ins. the joss in the air during the same eae of time 
(half aa bour) varied in ten experiments from 24 drachma to 
1 ounce 2} scruples, or in the mean was about 6) drachms. 
So that, admitting the supposition that the cutaneous trans 
piration was entirely euspended, and estimating the Joes by 
pulmonary exhalation at 3 drachms, there was, in these ten 
experiments of Dr, Madden, an average ‘ion of 4 
drichme I scruple, and 3 grains, by the surfiwco the poly 
luring half an hour. In four ‘iments perform: 9 
Berhol, tho goin io welght was greater than to thoes of Dri 
adden. 


Tn severe cases of dysphagia, when not even fluids ean be 
taken into the stomach, immersion in a bath of warm water or 
of milk and water may assuage the thirst; and it has been 
found in such cases that the weight of the body is increased by 
the immersion. Sailors also, when destitute of fresh water, 
find their urgent thirst allayed by soaking their clothes in alt 
water and wearing them in that state; but these effects may be 
= as due to the hindrance to the evaporation of water from 
the al 





beorption, aleo, of different kinds of gas by the skin is 
proved by the exporimerita of Abernethy, Cruikshank, Beddoes, 
and others, In these cases, of course, the absorbed gases com- 
bine with the fluids, and lose the gasoous form. Several ph: 


iol have observed an absorption of nj the skin, 
Beblces says, that he saw ae neg econ pale for 


a when immersed in chlori 
served that when he held his hands in oxygen, nitrogen, car 
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onic acid, and other gases contained In jars, over mercury, 
the volume of the yases became considerably diminiehed. 

‘The ehare which the evaporation from the skin has in the 
hom ke ort cerca of the en 5 babes 
Decexmtry ereto of the production t, have 
been already mentioned (p. 195). ing 


CHAPTER XV- 
‘THE KIDNEYS AND THEIR sHCRETION. 
Structure of the Kidney. 


Tar kidney ix covered om the outside by a rather tough 
fihroas capaale, whieh is slightly attached wie inner surfica 


tw the substance of the organ by meuns of very fine 
fan Gt areolar tissue and Sainte blocs reels peek the 
. therefore, it muy be easily torn off without 


Poa ESL 


| Hien ofp bengiieiinal mretiem through the pelvis and soletanon of the right 
the pontdeal eahananee 4, 5, brow part 
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\jury to the cortical portion of the At the 

ei Reret the Ky cues aioe with the 

eae mite 6 neclce Lenalrrac thom the Keay Ug 
ine 

12) the malta of esas sr oe composed of 

two chief portions, the cortiea! and the 

mg, eon eae also sometimes called the 


fro 2, 
{fon eda wide of reuse bende eg 
. ramid. The upper part of the cae ot the ofa: oF 
=a me dilated int wh iis called the Lees kidney yi 
and this, again, after separating into two or three princi 
divisions, is finnlly subdivided ito stil smaller ee Rast 
in number from about 8 to 12, or even more, and called 
Each of these little calyees or cv) in receives the 


inted extremity or bow- 
Ever, more than oe pills is heey a calyr, 

‘The kidney ie a gland of the class called tubular, and beth 
its cortical and medullary portions are speed phere of 
secrvting tubes, the Hi pees petal one extremity, 
in the cortical portion, end commonly in | ee cone 
ane alee ten rpetbagrecitios mn - op te the 
other open through the papille into the pelyi 
oy thus dischary ie the urine which flows 

To the pyramids thi pre! chiefly straight—tivi and 
diverging Sid sect th et the cortical por- 
tion; while in the region out more irregu- 
lurly, and become much branched and convoluted, 

The tubuli uriniferi (Fig. 121) are composed of a nearly 
Lonspgensous mezbraneslegactahenti hie tal eval ofthe 
lium, and for the greater part of their extent are about ¢hy of 
an inch in diameter,—becoming somewhat than this 
immediately before they open through the . On trace 
ing these tubules upwarde one cae are found to 
divide dichotomously as th through the pyramids, 
and on reaching the hases of the latter, they begin to branch 
and diverge more widely and, to form by their branches and 
conyolutions the essential part of the cortical of the 

Ae At their extremities they become dilated into the 

fa Mapighinn capsules, Until recently, ‘it was believed that the 
tubules in the pyramida branch out and become con- 
voluted immediately on reaching the bases of the pyramids; 
but between the straight tubes in the pyramids and the convo- 
Jnted tubes in the cortical portion, there has been shown to be 
a system of tubules of smaller diameter than either, which 
form intercommunications between the two varieties formerly 


Parnes 
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eee ore lr ierad tubules, called the dooped tubes 
Tepe it tubes in some part of their 


Lag eh epi ppehasearl pape 
pass down loopwise in the pyramids for a 


Wr ez 





L 
Fre 18s. Petice of & secreting cama! from the cortical rubstance of the kid 


eland-cells, 
Of the lecped uri (foros tutes end their connection with the 
eat the Ghamerull (few Southey. ater Ludwig). in the lower part of the 
marge branching 


shorter and then, tu up, ond i 
=a sxe tm i Tato the 


before referred to 
f'n pyramid (Fig. 128), 








section of renal papiits (from Rather) *Y2: a, langer tuber or 


‘Drameverss 
‘lary duoty; 6, smaller tabes of Henle; ¢, bloodvesmels, distinguished by thelr 
‘epitholium 4, nuctet of the strom, 


plexus of an arched form, and from this are given off amaller 
arteries which ultimately su) Oe esl ane Boal 
small artery 1) enters the Mal- 
bmn st perforating the lee qed eae hg 
dense and convoluted and looped capillary plexus, 
which is ultimately gathered 





STRUCTURE OF THE KIDNEY. 358 


ent vewel, comparable to a minute vein, which leaves the 


lig second breaking up it is final BE 
into a emall vein, which, by union with others fi 
Log tint radieles of the renal vein. 
is of fine squamous 


; bat whether the small qoraralis or tuft of 


i 





Pe. Flan of the reaab clroulstom in man aed he Mammalis, a, terminal 
Deneck of thee mrtary, giving tie sermstnal twig 1, to the Malvighian tuft 9, from 
‘Viele emerges Whe eMferens or portal Yeemel, 2 Other effkerut vemels, 2, are sooo 
‘fatering the plenwe af eopillarien, surrounling the urinifersus Wute, & Prom thy 
atmaleeat reie, +. 9priogs. 

representation of « Malpighian bendy Is ite rotation 
‘urtolferewe tube (from Koititer) 4F%. a, caymule of the Malpighian baxly; dy 
et urinstarens Ube: €, detached! epithelium ; J, alferont vemal g, 

‘ i; A cnarelited veests of tho ytomeculue. 








believes that such a covering, although ex- 
and has delineated the appearance 

bg diagram (Fig. 125), 
eral! afferent acorns of the Malpighian bodies, 
coun, others which are diasibats ed i in the ordi- 
for natrition’s sake, to the dif y 


the pyramids, betwoen the ra 








344 THE KIDNEYS AND THEIR SECHETION, 


merous ight veswels, the masa recto, by some ob- 
srvere to be branches of ar fone frm, ‘alpghian 
bodies, and therefore comparable to the venous plexus around 
the tubules in abeteal eae while others think that they 
arise directly from small branches of the reaal arteries, 

Botween the tabes, vessels, te. which make up the main 
substance of the kidney, there exists in small quantity a fim 
matrix of areolar tissue. 

‘The nerves of the kidney are derived from the renal plexus! 

Steretion of Uri 

The separation from the blood of the solids in m state of so- 
Jution in the urine is probably effected, like other secretions, 
by the ageney of the gland-cells, and equally in all parts of 
the urinetubes, The urea and uric aeid, and perhaps some 
of the other constituents existing ready formed in the blood, 
may need only separation, that is, they may from the 
blood to the urine without farther elaboration ; Qt thie is not 
the ease with eome of the other principles of the uring, auch as 
the acid phosphates and the sulphates, for these aalts do not 
exist as such in the blood, and must be formed by the chemi- 
cul agency of the cells. 

‘The watery part of the urine ie probably in ea mparated 
by the same structures that secrete the solids, but the ingeni- 
tion of Mr, Bowman that the water of the urine is 
mainly strained off, s0 to speak, by the Malpighian bodies, 
from the blood which circulates in their capillary tufts, is.¢ 
cvedingly probable; although if, as Kolliker and others main- 
tain, there is an epithelial covering to these tufts or glomeruli, 
it is very likely that the solids of the urine may be in part se 
erected here wlio, We may, therefore, conclude that all parta 
of the tubular system of the kidney take part in the secretion 
of the urine a8 a whole, but that there i4 a provision aleo in 
the arrangement of the veasols in the Malpighian bodies for « 
moro simple draining off of water from the blood when ro- 
quired. 

‘The large size of the renal arteries and veins permits so 
mpid a trausit of the blood through the kidneys, that the 
whole of the blood is purified by them. ‘The secretion of urine 
is rapid in comparieon with otter secretions, and ai each por- 





























* For « more detailed account of the structure of the kidnay and » 
turnmary of the various opinious on the subject, the student may bo 
referred especially to Qunin’s Anatomy, Tth ed., and to a [yee by 
Dr. Reginald Southey, in vol. 1 of the Bt. Bartholomew's Hoopltal 
Reports. 
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at which 
voided, the urine is tarbid even when firstexpelled. 

ordinarily of pale amber color, yet, consistently otra 
the urine may be nearly colorlées, or of a brownish or deep 
orange tint, and, between these extremes, it may present. every 
shade of color, 








ammonia developed in it by decompesition. Tn 
eft aia 0 the eed the urine i¢ alka- 
ine and turbid. The difference depends, not on any peculi- 
urity in the mode of secretion, but on the differences in the 
food on which the two classes subsist: for when carnivorous 
animals, such as dogs, are restricted to a ible diet, their 
urine becomes pale, turbid, aud alkaline, like that of an her- 
Divorous animal, but rexumes ils former acidity on the resumen 
to an animal dict; while the urine voided by herbivorous anj- 
mals, ¢.g., rabbits, fed for some time exclusively upon animal 
ful presents the acid reaction and other qualities of the 
urine of Carnivora, its ordinary ity being restored only 
‘on the substitution of a vegetable for the an imal diet (Bernard). 
Human urine ig not usually rendered alkaline eins eee 
diet, but it becomes 20 after the free use of alkaline i 
or of the alkaline salts with carbonic or vegetable acids; for 
theso latter are changed into alkaline carbonates previous to 
elimination by the kidneys, Except in these cases, it ia vory 
rarely alkaline, unless ammonia has been developed in it by 
es, commencing before it is evacunted from the 
er. 

The oan: specifie gravity of the human urine is about 
1020. Probably no other rete fluid presents so many va- 
ricties in density within twenty-four hours as the urine does; 
for the relative quantity of water and of solid constituents of 
which it is composed is materially influenced by the condition 
and occupation of the body during the time at which it is se- 
‘idted pip thal ith: of Unes whlch a elajeesd since dha Taat 
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stated somewhat differently by the different chemists who have 
avalyzod ity but many of the differences are not important, 
and the well-known accurscy of the several chemists renders 
it almost immaterial which of the aualyses is ndi y 
analyses by A. Becquerel being adopted by Dr. Prout, and 
by Dr. Golding Bird, will be here employed. (Table 1) 

‘Table I hat beeo compiled from the observations of Dr. 
Parkes, and of numerous other authors quoted ia his admira- 
ble work on the urine, 

Taste TL. 
Average quantity of cach constituent of the Urine in 1000 parte, 
Meera are me! 1 


Water, “ m 
U ; 





ate 14200 
Uric seid, c ee xe 
Coloring matter, _ inseparable from} 46 q92 
Meson And aalonal axtzaeiive winter, J © esa otlmry oc y 
| Soda, 
Sulphatos, { Poush, ] 
fume,” | 
Soda, | 
Bi-phosphate, | Sra 
agacala, ; 
Salts, las er ear 
| Bodinm, 
Chlorides, | Potusium, 
Hippurate of aodn, 
Fluoride of potassium, | 
Sition, y . = tenon 
1000.000 


Tante TI. 


Average quantity of the chief constituents of the Urine exereted in 
coheed 24 houra by healthy male adults. 





Water, 52. fluid ounces 
6124 grains, 

U 860 

Hippario xcid, unewetain, probably 10 to 

Sulpburie acid au 

Phosphoric acid, ae | Se 

Chierl i 10R0 








w2e8es 
bidet ae * 
& 


{ Grentin, 
Croatinin, 
Extractives, 4 Pigment, 
Hanthla, 
Hypoxanthin, 
Resinows mutter, 


= 
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From thee proportions, however, most of the constituents 

oes oa in health, liable to variations, ly the water 

‘ts varintions Jhb bene sonaidlag t0 the 

geanity of dro td exercise, have already been mentioned. 

Oe a eerie by the inf eteAaaptae 
yous sometimes increased in hysteria, 

Lec iraeme + aeanmetiones aics other Simos sins 


quantit 


iv any. 
dem the boty throngh ex7 crust than that 


apa rea & “ihe principal solid constituent of the urine, 
nearly one-half of the whole itity of solid matter. 

ar ‘most im; nt in, , sitice it ia the chief 
nitrogen of decomposed tieue and 
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formed more rapidly if the urine haye been i concen 
omen sles 

‘Urea is colorless when pure; when impure, yellow or brown ; 
without «mell, and of = cooling, nitredlike taste; has neither an 
acid nor an alkaline reaction, and deliquesces in a moist and 
warm atmosphere. At 59° F. it requires for ite solution les 
than its weight of water; it is dissolved in all proportions 
boiling water; but it requires five times its weight of co! 
alcohol for ite solution, At 248° P, it melts without andor- 
going decomposition ; at a still higher ebullifion 
takes place, und carbonate of ammonia sublimes; the melting 
mass gradually aequires a pulpy consistence ; and, if the heat 
is carefully regulated, leaves a grayorhite powder, cyanie acid. 

Urea is identical in ition with cyanate of ammonia, 
and was first artificially produced by Wohler from this sub- 
stance, Thus = 

Cynnate of Ammonia. Uren. 
CHNO. BN = CBN. 


‘The action of heat upon tres in evolving carbonate of am- 
monia, and leaving eyanie acid, is thus explained. A similar 
decomposition of the urea with development of carbonate of 
ammonia ensues apontancously when urine is kept for some 
days after being voided, and explains the ammoniacal odor 
then evolved. It is probable that this tancous decom 

ition is accelerated by the mucus and other anima) matters 
in the urine, which, by becoming putrid, set the part of a 
ferment and excite « change of composition in the surrounding 
compounds, It ie chiefly thus that the urea i eometimes de 
composed before it leaves the bladder, when the mucous mem- 
brane is diseased, and the mucus secreted by it is both more 
abundant and, probably, more prone than usual to 
putrid. The same occurs algo in some affections of the nervous 
ayatem, particularly in paraplegia. 

‘The quantity of urea excreted ix, like that of the urine itself, 
subject to considerable varintion. "It is materially influenced 
by dict, being ter when animal food ie oxelusively used, 
less when the diet is mixed, and least of all with a vegetable 
diet, Asa rule, men excrote a langer quantity than women, 
and persons in the middle poriods of life a larger quantity than 
infants or old people (Lecanu). The quantity of urea docs not 
necessarily increaxe nnd decrease with that of the urine, though 
on the whole it would seem that whenever the amount of urine 
ie much augmented, the quantity of urea also is usuxlly in- 
creased (Beequerel); and it appears from observations of Genth, 
that the quantity of orea, as of urine, may he expecially in. 
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capecially extensive discase or extirpation of the kidneys, the 
separation of urine is imperfect, the urea is found largely in 
the blood and in movt other fluids of the body. 

Uric Avid.—This, which is mnother nitrogenoms animal sub- 

lance, with the formula C,N, 
Fut. H,0,, and was formerly termed 
lithic acid, on account of its 
existence in many forms of 
urinary calculi, is rarely ab- 
sent from the urine of man or 
animals, though in the feline 
tribe it seems to be sometimes 
entirely replaced by area (G. 
Bird). Its proportionate quan- 
tity varies considerably in dif. 
ferent animals, In man, and 
Mammalia generally, especially 
the Herbivom, it is compara- 
Neem ovely small. In the whole 
ariows formset urie weld eryals trite of birds and of serpents, 
on the other hand, the quantity is very lange, greatly exceed- 
ing that of the wren. 3 the urine of granivorous Tintin in- 
deed, urea is rarely if ever found, its place being entirely sup- 
plied by urie acid, The quantity of uric acid, like that of 
urea, in human. urine, ie increased by the use of animal food, 
and decreased by the use of food free from nitrogen, or by au 
exclusively vegetable dict. In most febrile diseases, and in 
plothora, it is formed in unnaturally large quantities ; and in 
goutit is deposited in, and in the tissues around, joints, in the 
form of unite of soda, of which the so-called chalkstones of 
this disease are principally composed, 

The condition in which urie acid exists in elution in the 
urine has formed the subject of some discussion, because of its 
difficult solubility in water, 

According to Liebig the uric acid exists as urate of soda, 
produced, he supposes, by the uric acid, as soon as it is formed, 
combining with part of the base of the alkaline phosphate of 
soda of the blood. Hippuric acid, which exists in human 
urine also, he believes, acts upon the alkaline phosphate in 
the same way, and increases still more the quantity of acid 
phosphate, on the presence of which it is probable that « part 
of the natural acidity of the urine depends, Tt. is scarcely 
possible to say whether the union of uric seid with the base 
soda and probably ammonia, takes place in the blood, or in 
the act of secretion in the kidney; the latter is the more 
probable opinion; but the quantity of either uric acid or 
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termined; in leg it is probably derived from some constitu- 
ents of vegetable dict, though man has po hippuric acid in bis 
food, nor, commonly, uny benzole acid that 

into it; in Pens from the natural dit 
pendent of vegetable food, for Weismann 
aes quantity, even when living on an exelusively ani- 
mal diet. 

‘Tho nature and composition of the ing matter of urine 
are involved in some obscurity. It is probably closely related 
to the coloring matter of the blood. 

‘The muna in the urine consists principally of th epithelia 
débris of the mucous surface of the uri pascages, ticles 
‘of epithelium, in greater or less 
abundance, may be detected in 
most amples of urine, expeci- 
ally if it has remained at rest 
for some time, and the lower 
strata are then examined (Pig. 
ous nemesis eased 
ous is seen 
in it asa delicate cloud, 
but generally it falls, Tn in- 
flammatory ‘affections of the 
urinary passages, capecially of 
the bladder, mucus in 
quantities ix poured forth, and 

Macs depaeliod from weloe, hii undergoes decom posi- 
tion. The presenee of the de- 
hes mucus excites (as already stated) chemical changes 
in the urea, whereby ammonia, or carbonate of ammonia, is 
formed, which, combining with the exces: of acid in the saper- 
phosphates in the urine, produces insoluble neutral or alkaline 
phosphates of lime and magnesia, aud phosphate of ammonia 
and magnesin. ‘These, mixing with the mucus, constitute the 
peculiar white, vieuld, mortar-like substance which collects upon 
the mucous surface of the bladder, and is often paused with the 
urine, forming a thick, tenacious sediment. 

Besides mucus and coloring matter, urine contains a consid- 
erable quantity of animal matter, usually described under the 
obscure name of animal ortractive, The investigations of Lic- 
big, Heintz, and others, have shown that some of this ill-defined 
substance consists of Creatin and Crentinin, two crystallizable 
substances derived, probably, from the metamorphosis of mus 
calar tissue, ‘Thess substances appear to be intermediate be- 
tween the proper elements of the muscles, and, perhaps, of 
other azotized tisanes and urea: the first products of the dise 
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with which the phosphoric seid ia the blood is combined, by 
the several new acids which are formed or discharged at the 
kidooys, namely, the uric, Dinpurie and sulphuric acids, all of 
which he supposes to be neutralized with . 

The presence of the acid phosphates accounts, in 
measure, ar, according to Liebig, entirely, for the acidity of 
the urine, ‘The phosphates are taken largely in both vege- 
table and animal food ; some thus taken, are excreted ait once; 
others, after being trausformed and i rated with the tie 
sues, Phosphate of caleium forms the principal earthy con- 
stituont of bone, and from the docomposition of the osseous 


and nervesubstance, furnishes large supplies of phos to 
the urine, which phosphorus ie mupposed, like the ur, to 
be united with oxygen, and then combined with bases, This 
quantity is, however, linble to 
ra, 190. considerable variation, Aw 
undue exercise of the asf 
and all circumstances luc 
ing nervous exhaustion, in- 
crease it. The earthy 
phates are more abundunt af- 
ter meals, whether pn animal 
or vegetable food, and. mre 
diminished after long fasting. 
Tho alkaline phosphates are 
increased after animal food, 
diminished after vegetable 
food. Exercise increases the 
alkaline, but not the earthy 





‘Urinary sediment of triple phosphates 
Onege prinastle eryetals) acd urale of | etal (Bence Jones). 


ammonia, from urine which had under Phosphorus uncombined with 
{one alkaline fermentation oxygen appears, like sulphur, 
to be oxcroted in the urine 
(Rovalds). When the urine undergoes alkaline fermentation, 
phosphates are deposited in the form of a urinary sedis 
consisting chiefly of phosphate of ammonia and  magneeia 
(triple phosphate) (Fig, 130.) This compound docs not, as 
such, exist in healthy urine. The amm is chiefly or 
wholly derived from the decomposition of y 
‘The chlorine of the urine occurs chiefly in combination 
with sodium, bat slightly also with ammonium, and, porbape, 
potassium, As the chlorides exist largely in food,and in most 
of the animal fluids, their occurrence in the urine ix eusily 
understood. 
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material preps into little masses, which distend por- 
tions of the mocmbrune, while the intermediate spaces 





when exposed to the same conditions, has, with other facts, led 
to the opinion now generally adoy that the central part or 
ozis-cylinder of each nerve-tibre differs from the outer portion. 
The outer portion is usually called the medullary or ouh- 
stance of Schwann, being that to which the peculiar white 
aspoct of corebro-spinal nerves is principally duc. , The whole 
contents of the nerve-tubules appear to be extromely soft, for 
when subjected to pressure they readily pass from one part of 
the tubular sheath to another, and often cause a bulging st the 
side of the membrane. They also readily escape, on pressure, 
from the extremities of the tubule, in the form of a gramous or 
granular material, 

‘That there is an essential difference in chemical consposition 
betwoon the central and cireumforential parts of the nerve- 
fibro, i. ¢., between the axie-cylinder and the medullary sheath, 
has of late been clearly shown by Messrs. Lister and Turner, 
‘Their observations, founded on Mr. Lockhart Clarke's method 
of investigating nervous substanes by ineang of chromic acid 
and carmine, have shown that the axis-cylinder of the nerve 
fibre is unaffected by chromic acid, but imbibes carmine with 
great facility, while the medullary sheath is rendered Me 
and brown and laminated by chromic acid, but i& Arsinre 
tinged by the carmine. Form this difference in their cheri- 
cal bebayior, the central and circumferential portions of the 
nerve-fibres ure readily distinguished on microscopic examina- 
tion, the former being indicated by m bright red carmine- 
colored point, the Inter by a pale ring surrounding it. The 
laminated character of the medullary sheath after treatment 
with chromic acid is believed by Mr, Lockhart Clarke to be 
due to corrugations effected by the acid, and not to its having 
a fibrous structure, as maintained by Stilling, 

The size of the nerve-fibres varies, and the same fibres do 
not preserve the same diameter through their whole length, 
being largest in their course within the trunks and branches of 
the nerves, in which the majority measure from yoo to ado 
ofan inch in diameter. As they approach the brain or spina 
cord, and generally also in the tissues in whieh they are dix 
tributed, they gradually become smaller. In the gray or veate- 
ular eubetance of the brain or spinal cord, they generally do 
not measure more than from 54a to p¢ha9 of an inch. 

"The fibres of the second kind (Pig. £34), which constitute 
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Grey, pads, ex getatiscus nerve-fibres (from Max Bebulter|, megnised Let ween 0 
nk D0 diameters. A- Proce & branch of thn olfactory aorre of the sheep; 6, to 
Mar-bortlered or hive Riree frow Use BUM par, aasoolated with the pale olfvetory 
‘bres 8. From the sympathetic nerve: 


f € ares: So an etenicn Oe LOR LDS SoeEE 
i contents being aj ‘uni! : in their 
wheat in bundles, a pellowish-gray hae instead of the 
white of the nerves. " These peculinrities 
‘make it probable that they differ from the other nerve-fibres 
| not pamesing the outer’ of white or medullary werve- 
and that their contents are composed exclusively 
corresponding with the contra] portion, or 
‘of the larger fibres, Yet since many nerve-tibres 
>a tes sinssuag in Soa! between 

two kinds, Te, Ts 
central and their peri dpntend pactnally fiminiah 


of the 


assume many of the other characters of the fine 
etic aystem, it is not to sy 
wars difrence Inthe ow or mode 
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aympa- 
means of the same arrangement, as Dr. Gull 
aps of muscles may be associated for combined 

of the group receiving motor filaments 

‘of the nervecentre. 

res are their modes of distritu- 
ferve-centres, and in the parte 
ormer are called their i, the 


peripheral wermination of nerverfibres has been always 
ject of considerable discussion and doubt, ‘The fallow- 
be the chief modes of ending of nerve fibres in 
networks or plexuses ; examples of this are found 
of nerves in muscles, and in mucous and 
0% jal terminal ongans, called 
13), (Fig. 114), and Pacinicn 
. 3. To cells; as in the eye aud inter- 
er parts, 4. In froo onds: as from the 

plexuses in museles, according to Kol 


5, In mus: 
of nerves in small bodies called 
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is attaches by » narrow 

it is sitanted ; it is formed of 

lnyors of fine membrane, with intervening 
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Of the laws of action peculiar to uerves of sensation and of 
by experi- 


i ire 

together, so thet nearly all oer a 

senses, consist of corer ern 
henes termed mixed nerves, 


























tive canal, fa movements, of 
the eyelids and pil to exelude ee) eee when 
the retina ie to 4 bright glare. Theee and all 

pate Gnd 


the ont of erbonic ni frtagn sealanss with 
¢ internal: tau jiglottls or larynx. Examples 
eal = ia morbid reflex action 


are 

seen in the convalsive movements of epilepsy, and in the 
spasms of tetanus and hydrophobla. 

4. Reflex muscular acts are often moro sustained than those 
pa by the direct stimulue of muscular nerves, As 

‘olkmann relates, the irritation of a muscular organ, or its 
motor nerve, produces contmction lasting only #0 long as the 
Laesg Sey but irritation applied to el nervous Ley 

rough one of its centripetal nerves, may ite reflex an 
harmonious contractions, which last some time after the with- 
drawal of the stimulus. 


CERITROAPINAL NERVOUS SYNTEM. 
The physiology of the corebro-pinal nervoue system ine 
cludes thai of rf spinal cord, sata ob ta oo nad 
of the several nerves given off from each, and of the ganglia 
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THE CEREBRO-SPINAL AXIA Ser 


Pee 48, 





View of the varebrospinal axieof the wervoos yyvien (after Bourgery) ‘The right 
dealt Of the ereninim oud trunk of the body has been removed by a vertical wetinn, 
Ae tmesthranes of tbe Brain ent spinal martow have also been remored, and the 
Foote and firat part of the 2h And nioth cranial, and of all the apiinal nerene of the 
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on those nerves. Tt will be convenient to speak first of the 
spinal cord and its nerves. 


Sprinal Cord and its Nerves, 

‘The spinal cord is a cylindriform column of nerve-eubstance, 
connected above with the brain through the medium of the 
medulla oblongata, terminating below, about the lower border 
cof the first lumbar vertebra, in a slender filament of gray or 
vesicular substance, the filum terminale, which lies in the midst 
ef the roois of many nerves forming the cauda equina, The 
cord is composed of fibrous and vesicular merrous substance, 
of which the former is situated externally, and constitutes its 
chief portion, while the latter occupies its contral or axial por- 
tiov, and is s0 arranged, that on the surface of 4 transverse 
section of the cord it appears like two somewhat crescentic 
— Hee together by a narrower portion oristhmus 

ig. 141), 

Passing through the centre of this isthmus in « longitudinal 
direction is a minute canal, which ix continued through the 
wholo longth of the cord, and opens above into the space at 
the back of the medulla oblangata and is Varvlii, called 
the fourth ventricle. It is lined by « layer of cylindrical 
ciliated epithelium. 

‘The epinal cord consists of two exactly symnitrical halves 
united in the middle line by a commisnure, but separated an- 
teriorly and posteriorly by a vertical sisure; the posterior fis- 
sure bein, , but less wide and distinct than the anterior. 
Each half of the spinal cord is marked on the sides (obscurely 
at the lower part, bat distinctly above) by two longitudinal 
furrows, which divide it into three portions, columns, or tracts, 
an anterior, middle or lateral, and posterior. From the groove 
between the anterior and Iateral columns spring the anterior 
roots of the spinal nerves; and just in front of the groove be- 
tween the lateral and posterior column arise the posterior 
roots of the same; a pair of roots on each side corresponding 
to cach vertebra (Pig. ul). 

The fibrous a of the cord contains continuations of the 
innumerable fibres of the spinal nerves issuing from it, or en- 
tering it; but it is, probably, not formed of them exclusively ; 
nor is it a more truok, like a t nerve, through which they 
may pass to the brain, Tt is, indeed, among the most difficult 














TIgbt Hide, Dave born dimectal out and Ind separately on the wall of the skull aud 
‘on the sevaral vertebre opposite to the plave of thely oature! °K from the oranlo- 
ptnal cavity, 
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things in strocturnl anatomy to determine the course of indi- 
nerve-Gbres, or even of fasciculi of fibres, through evan 
a short distance of the spinal cord ; and it is only by the exam- 


Pas tat 





‘Dierwnt views of m portion of thr spinal card from the eervieat region, with the 
‘smote et the werves sligbaly enlarged (Crom Quain) In 4, the anterior aurface of tha 
fe sawn, the sotecter wurve-root of icy right shte being divided ; £0 0, 9 

of ther right nde se glen An © tho upper murtace ls shown; In b, the mervo-ronty 
ghugllea are shown Grom below. 1, the anterior median Gaare , 2, pueterioe 
fewcre), A anterior Iateral deprension, over which the anterior wetve-rowte 

5 poaterleg Iatorsd grown, [nto whlch the postorler roots are secn 





“eampourd 1ierve ; 7, the posterior primary traps, seen ins and © to be dorteod Im 
erent tre me rere rm 


Depo nppear, thst of the root-fibres of the 
the cord, como assume a traneverse, a 

2 the fibres of the former puss bori- 
SEL bewtene fea in which 
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many of them appear to become continnous with fibres 
ing the cord from other roots; others pass into the columns 
the cond, while some perhaps terminate af or near the 
which they enter: of the fibres of the second set, which usually 
first traverse a portion of the gray substance, some pass up- 
wards, aod olives, at leant of Gon poalaeieeoehe cases 

wands, but how far they proceed In either direction, or in what 
mariner they terminate, are questions atill undetermined. It 


a 


% 


i 


roportion to the size and numberof nerve-roots given off from 
Tselt, and has bat little relation to the size or number of those 
given off below it, Thus the cord is large in the middle 
and lower part of its cervical portion, whence arise the 
leit the formation of the ie ai plexuses and A 
supply of the upper extremities, an ‘in en) at the 
pes part of ie oem portion and the spp eerie lum- 
bar, at the origins of the large nerves, which, after forming the 
lumbar and sacral plexuses, are distributed to the lower ex- 
tremities. The chief cause of the greater size at these parts of 
the spinal cond is increase in the sue of aay matter ; for 
there seems reason to believe that the white or fibrous part of 
the cord becomes gradually and progressively larger fram 
low upwards, doubtless from the addition of a certain number 
of upward-passing fibres from each pair of nerves, 

It may be added, however, that there is no sufficient evi- 
dence for the supposition that au uninterrupted continuity of 
‘nerve-fibres is essential to the conduction of impressions on the 
spinal nerves to and from the brain: such impressions may be 
as well transmitted through the nerve-vesicles of the co! 
by the nerve-fibres; and the experiments of Brown-Séquand, 
again to be alluded to, make it probable that the gray sub- 
stance of the cord is the only channel through which sensitive 
impressions are conveyed to the brain. 


The Nerves of the Foros Cord consist of thirty-one pairs, 
imuitng from the sides of the whole length of the cord, their num 
corresponding with the intervertebral foramina throu 
which they pass Each nerve arises by two roots, ao anterior 
and posterior, the latter being the larger. The roots emunge 
through ite apertures of the sheath of dura mater sur 
rounding the cord; and directly after their emerge where 
the roots lie in the intervertebral foramen, a ganglion is found 
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‘af the spinal card. 

the communication between the brain and 

cord below the scat of injury, and con- 
their connection with the mind 


the 


Hl 


preserves 
body supplied 
in, will nevertheless be 
and, as presently to be shown, 
a contre. 


ei 
8 
EH 


ible to do justice to these inves- 
ma 
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d, The posterior colamns of the cord ay to have a great 
share in reflex movements, and this i des pei couse of 





bore diagram (after Brown-Séquntd) represents the decamation of tha con 
aowre for voluntary movemonts, and thowe for 
Ahetecontiauattons [a the eplnal « lowor part of the 
7 Br; the posterior roots and their continusttes aud decux- 
17 9.%he ganglions of the rvetw. The acrows tadlsate the 
Atreation of the nervous actlon ; r, the right aldo; f,the Toft side. 1,2, )Lodleate 
plaooe of aliorntion In a Jatoral halt of the spino-corebeal axis, to show the indwesce 
‘on tho tro kinds of condaetory, revelling from seetlon of the cant at anyone of thew 
ree places 










the peculiar kind of paralysis so often observed in disease of 
these columns. 

¢. Impoleea of the will, leading to voluntary contractions of 
muscles, appear to be tranemitted principally slong the anterior 
colurons, and the contiguous gray matter of the cord, 

‘f Decussation of motor impulses occurs, not in the spinal 
cord, as is the case with sensitive impressions, but, as hitherto 
admitted, at the anterior part of the medulla oblongata. ‘This 
decuseation, however, does not take place, as generally sup- 
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surface 
eee forges Secs Speier 
movements, even 


in See 
could not 
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all 


state, performed involuntarily, ‘influence 

the cord ; but it is that such ‘be, and com- 

monly are, #0 |, the higher of the ani- 

mal the same kind of inflnenee in 

eee them, that those of man have in modifying and di- 

bere eegre ore mete ‘produced by irritating 
it moverments as are ul 

the skin of the lower extremities in the human 

division or disorganization of a part of cord, do not: 

follow the same irritation when the mind is wctive and con- 


movements. So, also, during aleep, such reflex movements 


the redecting power of the spinal cord, are eeeutilly inde 
the 


beers) movements 
of the lower animale than of the warm-blooded animale and 
man: and that over nearly all of them the mind may exer- 
cise, through the brain, some control; determining, directing, 
hindering, or modifying them, eithor by direct action or by its 
power over nssociated muscles, 

Tn this fact, that the reflex movements from the cord may 
be ad performed without the intervention of conscious 
neaa or a ms are wees to the control of the will, we 
may see their admirable adaptation to tho well-being of the 
body . Thos, for example, the respiratory movements may be 

ed while the mind is, in other things, fully occupied, 





1 Reflex movements, occurring quite independently of sensation, 
are gonorally called excito-motor ; thow which aro guided or xeoom= 
pe ‘by annestion, bat not to the extant of « distinet perception or 
‘ntellectinl process, nro termed sensorimotor. 
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or passive contraction ; in a can eneeociens 


tone, 

to be when not active i and ii : 
ze nia signing 
certainly are not relaxed, as they are i or 


Telaaen, wrid li he-sucatos feel Lanes’ cesd Mate ant atau, 
and remain xo till the rigor mortix commences. 


THE MEDULLA OMLONGATA. 


Ls Structure. 


which it contains is situated in the interior, 
vided into maees und laminw by the white or fibrous substance 





2 ‘Thik kind of tono must de distinguished from that mero Mrmness 
and tension which it is customary te ascribe, under the ate of fone, 
to all tissues that feel robust and not flabby, as well o to muscles. 
The tone peculiar to muscles has in it x degree of vital contrection : 
that of other pore ole duc to their being well nourished, and 

0. 


therefore compact and 
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the anterior pyrassids the posterior, continuons with the pos- 
terior columns of the cord, are called the restiform bodies ; Ed 


Pee, Pro tt 
=~. 


‘ealuma of tue cond be the cereteltum ; g, anterior eclumu of the apcnal cand; A, 
Intersl eohemn | » poms vavolli 4 te Upper Abrer: 3,9, eeots of the Mh pair oF 
errs, 


‘Pini 14-—View 9f the ponterior surface of the fous varcill, corpore quadrigemina, 
avd miodbilla sticngata. Thre yotumnbes of the cerebailun are cut shert a6 the bbs. 
60 the upper pair of corpora quadrigeusins ; b, b, tho lower: yerbor 

of the cormtatiam: «, eminence cognectat with the nucleus of the 


‘the fateraf, contingous with the lateral columns of the cord, are 

‘named simply from their position. On the bres of the lateral 

‘column of each side, ocar its uppor part, i a small oval masa, 

ing grty matter, und named the ofivery body; and at 

the restiform column, immediately ow 

‘of the posterior median groove, n small tract is 
off by a alight groove from the remainder of the 
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Distribution of the Fibres of the Medulia Odlongate, 


‘The anterior pyramid of each although mainly 
pe of enti he Hrs of the nro a of 


Thus comy proceeding 
onwards to the brain are distributed in the following manner : 
1, The greater part pass on through the pons to the cerebrum! 


to form what iz called the ollea or fillet, 2A 
emall tract of fibres proceeds to the cerebellum, 

‘The lateral column on each side of the medulla, in proceed- 
ing upwards, divides into three parts, outer, inner, and middle, 
which are thus dis; of: L. The outer fibres go with the 
restiform tract to the cerebellum. 2. The middle decussate 
eros the middle line with their fellows, and form a part of 
the anterior Fraud of the opposite side, 3. The inmer pass 
on to the cerebrum slong the floor of the fourth ventricle, on 
each side, under the name of the fasciculus teres. 

The fibres of the retiform body receive some small contribu- 
tions from both the lateral and anterior columns of the me- 








2h one continuous fibres," and tho like, appear to bo 
usually undorstood as meaning that cortain primitive nerve-bres 
paige without Intorruption from one part to another. But suoh con 
tinuity of primitive Abrex through lung distances in the nervous 
‘contres Is vory far from proved. ‘Tho apparent continalty of fascicull 

‘which is all that dissection cun yet trace) i* explicable on the suppos 
siton that many comparativelyahort tbr Me parallel, with the ends 
of cach Inlaid among many others. “Ins auch ones, three would be 
nn apparent continuliy o€ Hees Just a there ay for exnmxple, whest 
‘one untwists nnd picks out a long cord of silk or wool, in which ench 
fibre is short, andl yot ouch fascioalus appears to ba continued through 


‘the whole cord. 
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chiefly to the cerebellum, but that «mull 


oe ppg cop eg 


ree schiciodiey also in the general endowments of thei 

i 0 m the on ir 

there is, probably, the closest analogy between 

peeraesis nol Es ipiee) cord: The difference 

Gatien: siaiier ml tcoain ts nee 

a vention 

(hewn Cole ddd to be connected with the cerebellum or 
secondly, to the insertion of new aren 

of gray matter in tho olivary bodies and parts, 

tation to the bi, ilige asd widor songe of iakucnoa wl 

the medulla ol ‘as 4 nervous centre exercises, 


pit 


Funetions of the Medulta Oblongata. 
differs from the 


nervous "ye 
ing to and 
te ceaeetyne ull nerves arising below the 
tranami 


ed through it, The decussation of part 


Bein tac tonconofiha cts ncaa 
to explain why the loss of sensation is 
‘or disease: of the ene for 
eh eneucs among the anterior fbres of the m 


Bat the discoveries of Browu-Séquard 
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rupted. Life cme foe also sntane woes 
point * ine We ‘ia ey or sie 
| ot ari ot 


a “ Fe Scien cumtatse 
tm. mphil those 
bined the braia 


any animal, the medulla oblongata is wounded, particularly if 
Feta womsled est t ies yore: Lipach sare the ihe ley 
eumogustrie ner pinsiory movements ces, 
Fre antes dies asf eophoxiatehe aaa thi at ei en 
when all parts of the nervons systam, except the medulla ob- 
longata, are left intact, 
‘njury and disense in men prove the same as em 
ments on animals, Numerous instances are 
injury to the human medulla oblongata has produced Pare 
neous death; and, indeed, it th tig a he pre me 


The centre whence the nervous pro ie ine proteeron of 
combined respintory movements appears to issue ix in the 
interior of that part of the medulla oblongata fram which the 

meumogustric nerves arise; for with ere the medulla is 
Teagata may be divided to within a few liges of tis tao 
exterior may be removed without the stoppage 
bot it immediately ceases when this part et ined 
This is not becauee the integrity of the pneu 
is essential to the respiratory movements ; for bo hears nerves 
may be divided without more immediate ‘effect. than w returda- 
tion of these movements. The conclusion, therefore, may safely 
be, that this part of the medulla oblongata ix the nervous 
centre whereby the impulses producing the respiratory move 
ments are re 

‘The power by which the medulla oblongata governs and 
combines the action of varions muscles for the respi 
movements, is an instance af the power of reflexion, which it 
common with all nervous centres. Ttx general 
ion, as well as the degree to which the mind may 
rt in respiration, and the number of verves and ef 
oa which; under the governance of the medulla obk 
may be combined in the forcible respiratory movements, a] 
beon already briofly described (soo p. 184, t seg.). ‘That which 
seems moat peculiar in this contre of eyed nection is its 
wide range of connection, the number of nerves by which the 


a, 




















is injured in experi Bat the reflecting power 

txerchedl by the medulla obl eof sash wa ler ka 
more restricted loa toa ties cncnee ereeeee 
indeed, not more than a simple instance of action by « 


segment of the spinal axis, receiving impressions for th 
from only a few centri nerves, and 
ee lgeeteg ak Rgepemny este 


tri) 

harynges!, and, in a wubordinate degree, thove of the 
parva, awe of iat rewnticar the superior lary 
which are distributed to the pharynx; and the nerves 


z 

i 

5 

A 

é 

cy 

= 

29 
Bugs 


i 


necessory 
ment of thi ‘nx, the branches of the hypoglossal, fixci: 
prtsroh Bed enntbenlt neers oo 
iments, 0 fran they are connected wil thi nesdallavoblons 


sticbaa lent b adh Gearon pica which 


contain both afferent and 
(John Reid), 

Though respiration and life continue while the medulla 
oblongata is perfect and in connection with respiratory norves, 
yet, when all the brain above it is removod, there is no more 

ance of sensation, or will, or of any mental act in the 


tion or voluntary power. These are connected with parts next 
to be described. 4 pega 

It would appear that much of the reflocting power 
medalla oblongata may be destroyed; and te its power in 
the epleetony mmuvencnt may remain. nis, i 
completely affected with chloroform, the winking of 
lids coasee, and irritation of the pharynx will not luce the 
usual movements of swallowing, or the closure of the glottis 
(so that blood may run quietly into the stomach, or aven Into 
the lungs); yet, with all this, may breathe steadily, and 
ehow that the power of the medulla oblouguta to combine in 
actidn all the nerves of the respiratory ruuscls ie pefiet 

Tn addition to its influence over the functions of respinttion 
and deglutition, the medulla oblongata appears to be largely 
concerned aleo in the faculty of apeceh. 

To the medulla oblongata os to be seated also the 
chief vasomotor nerveecentre (p. 452). From this arise fibres 
which, passing down the spinal cord, issue with the anterior 
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matter of these two lia, while others start afresh: from 
them to enter the aie hemi or whether some of 
the fibres of the crura pax through them, while only a portion 





anterlor, n, middle, and 6, postorioe lobe of ceretrom =, The fore part of the great 
Tongitodinal are. 6 Note between hemispheres of the cerebellum. ¢ Optte 
commiauine, . Lat peduncle of cnrebram, ¢ Fonterior perforatnd space, tot 
Interpedtuncular spice. ff. Convolution of Sylvian Gssure. A. Termination of 
gyrus fornicatur behind the Sylvian Aisure. ¢ Infuudibulum. £ ihe middle 
crus of paluncle of oerebotium, m me Hemispheres of corvbetlun. m Corpora 
Pons varolii, continuows wi each silo with nile erare of pred 
foratad space. gy Morin 

Aesure. & Lon pedlancle or era 
tracts Sietulla oblongata x. Marginal eonvolution of the Jongitadinal thaare. 
109 indicate the eereral pairs of corubral nerves, numbered wcvording to the wvwal 
nélation, rie. 1. Olhetory nerve. 2. Opie %& Motor werve of eve. 4 Futhetle. 
5, Trifuclal 6. Abduceut erro of eye. 7. Auditory, aud 7. Faclah ® Glomem 
pharyngeal, #. Vagus, and #*, Spinal acoosmnry nerve, . 











can be strictly sid to have their termination there, must re- 
main at present undecided, the difficulties in the way of soly- 
ing such an anatomical doubt being at present insuperable. 
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some other centres of uray matter pot so distinet, such as the 
gray matter on the floor of the fourth ventricle with which the 
auditory nerve i connected, the most philkeophies! theory is 


Fra, 4h. 





Dissection of brain, from ove, exposing the lateral, fourth, ao 4 ventrictes, 
with the surrounding parts (from Mimebfeld and Levelllé) 34. anvertor part, or 
gear of corpan callomum; b, corpus striatuan; ®, the corpus striatuna of Tof wide, diss 
notte mo as to expore Ile gray substance ; 0, polis by a line to the tanks seuslctreu- 
laris; d,optie thalamus; ¢ anterior pillam of fornix divide; below they are seen 
oseeseting Iu front of the thint ventrlole, and between thena fameen part of the aa: 
‘torior commlmure:: Lo front of the liter ¢ lawoen tho aliL-ike ffs ventricle, bat wee 
the two lamina of tho septum fueldim; f, soft a midaio eomratsware; ¢ te placed ib 
the JAaterlor pari of the thitd ventricle; immediately behind the tatter are the 
posterior commloure Just waiblo) and the pineal gland, the two enum of whieh 
extend forwants along the lance aad upper mangle uf the opile thalanl; & and § 
the corpora quedrigemina :  suporior crun of cerebellum: claw to kis the valet 
Vieusmens, which Tas heen divided so ae tn expore the fourth venteicley & Ippo 
‘coups major and corpus Gmbrtatum, oF is hippocampi ; m, hppocam ux minor | 
+ crminentis collateral», fourth ventricle p, posterior surface of wetalls obh 
tenis |¥, section of cerobellutn; 4, upper part of le homtsphere af cervbetlom exposed 
hy the removal of part of the posterior cerebral lobe 


























undoubtedly that which has been so ably enunciated by Dr. 
Carpenter. He supposes theae ganglia to constitute the real 
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words te teem by oe lobrenk nerves Which promerre ther 


connection with Orguae of Ghe Vedlbd alae aa 


STRUCTURE AND PHYSIOLOGY OF THE CERERELLUM, 
The cerebellum (7, 8 9, 10, compored of an 
eh ied contrat vei elle tn enor prea 
two hemispheres, Exch erste td 





View of cervbellum in section and of fourths seuiskele, with the neighboring parte 
{from Suppey atter Mimchfebt amd Leveillé). 3, median groove of fourth ventricle, 
etsling below tn the calsmaas soripteriar, with the longititinel eminences formed by 
‘the farckewt terete, one on each side} %, The same FrooTe, at the place where the 
‘white streaks of the auditory werve emerge frven Mi bo crus the floor of the ventricle: 
4 Auferlur crus oF pestancle of thw ceevbellim, formed by Une restore tudy; 4, 
omerior pyrasald; above this ls Hor calamus serlptorius, 6, aaperior crus of cere: 
Yella, oF procemuna corebello ad cerebrum (or af tate); FG, Alek Go the side of 
57,7, IAtWes grooves of the erura cervbel 8, corpora quadrigemina. 








eee restiform body) connects it with the medulla ob- 
ta (3, Fi he i477). 
“The cerebellum is compceed of white and gray matter like 


a 
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shown in Fig. 147. 
Besides the gray substances om tho , there 
is near the centre of the white substance of cach hemispbere, 
a aranll capsule of gray matter called corpus 
Nn en tat great 
©). 
Se ees ekatiarrek Wateniubellon congita eraakiooss 
relation to sensation, voluntary motivo, and the instincts or 
higher faealties of the mind. It is itself insensible to irrita- 
a a a aed paler signs of pain 
(Longet). (ene esi) ate 
oats est SS ephce Lymaernincere papers 7 
irritated, the most ncute By to be produced. 
ieeiaeral seubeepaniontce breil dai inclintearalnea 


4 section of the cerebellum showing the evrpas deatesuss (from 

‘bas boon carrie through the left Intoral part of the poor, 

eo as be divicte the expurior petunche ant paw uearts through the middle of the bef 
ctcthellae Réeniephere. ‘The olivary body bas shee been divided longieedtmally so ax 


one im mection Ite curmus @eatalen. ¢r,crux caredris fillet 9. corpers 
ivided srbaie 


sh the restiform tracts of the medullx oblongata, 
apperr so sensitive, eater the cerebellum, it 
dasa 
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other, pushes itself over: and so, again and again, with the 
soe ac rete movements cease when the other 
i is divided ; but probably only beemuse the paral. 

Suir ob Use beily tata tude iraonb ony 


STRUCTURE AND PHYMOLOGY OF THE CRREBRUM, 
‘Tho corebram is placed in connection with the pons and 
medulla oblongata by ite two erura or peduncle (Fig. 149): it 
is connected with the cerebellum, by the processcs callod su- 


Pre ie 





Pham tu oatitine of the enoepbalon, a+ seen trem the right side, 14 (From Quain.) 
The parts a2e reprevenied as peparniod Crees one anotbor somewhat mory than 
cerebrum | J, 4, ite amlertar, sai, 

©, pons ramolfl . D, mee 
or, ml4l, and Inferior 


feature, so he Lo abow their connections A, 
‘and. pomerior lbew, 4, Gsnure of Sylvian: B, eorebelim 
‘Ratle oblongata; 0, pedesctea of tho cerwbruza ; ,€, 4 
(potunctes fuse careers, 


Tey oer ey mae or re cereblleod tees, 
bya cee, matter called re ve ol Feusens, 
ey 4 extends from the in- 
agin rocest of th erbium tothe corpora ade 

| arm pe parts, which thus pena 
sce ih i hr Spal divisions xf the-coreka 











on ted pS walls of a cay 


ventricle) and » (the iter a tertio ad 




















THE CORPUS CALLOSUM. 23, 


be ascribed to coincident affections of other parts, make it 
probable that the office which is commonly assigned to it, of 
enabling the two sides of the brain to act in concord, is exer- 
cised only in the highest acts of which the mind is capable, 
And this view is confirmed by the late period of its de- 
et, and by its absence in all but the placental Mam- 


Fre, 180, 











‘View of the songs eatlowns frown aber (Coom Sapper after Fovillol. 3% —The 
upper suntan of te corpon eaticmus has been Cully expord by exparating the cero 
Weal Demiipheres aod throwing therm to the side: the gyrwe forniewios free been 
Getachet, atst (he traueverw bres of the corpes callorum traced for some distance 
nto tive Cerebral raedelbary sutetance. the upper nurtace of the corpus callomean | 






), margin of 
cpus eatlonnn| t), ow 
lons ed the parietal habe | 






‘Bee exten Of congunital defieioaey of the carpus eaDeoum, by Mey 
lenry, in the twenty-ninth and thirty-first velumes 
ical Transactions 
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is known of the parce 
fenatooe The latter has been supposed, from its: 
seopie structure, to be rather a duetless gland (p. 325) than a 
nervous organ. 


PHYSIOLOGY OF THE CEREBRAL AND SPINAL WERVER 


‘The cerebral neryes are commouly re rps 
but the number is in ie coal twelve, the nerve cansist- 
ing, as it does, of two nerves, and the eighth of three. — ‘There 
and the spinal nerves, of which there are pairs, 
aymmeisienlly nefigeed on fcoclr side ah aeiads to its 

aimp! leat foes, may be regarded aa a column or axis of nervous 
nanan, extonding from the bases balbe on the ethmoid 
bone to the silum terminale of the spinal cord in the lumbar 

and sacral portions of the vertebral canal, The nerves 
all present certain charactors in common, such as their double 
roots; the isolation of the fibres of scnsation in the | i 
roots, and those of motion in the anterior roots; the tion 
of the ganglia on the posterior root ; and the subsequent min- 
gling of the Abres in trunks and branches af functions. 
Endler characters paobably belong easontially to the cerebral 
nerves; but areas wi ot one includes fie alee ats 
it is not to discern a conformil arrangement in 
any Delile the fifth, or trifacial, which, ioe its many anal- 
ogics to the _ ‘nerves, Sir Charles Bell bison asa 
spinal nerve of the head. 

According to their several functions, the cerebral or eranial 
nerves may be thus arranged: 


Nerves of specinl senso, . . Olfactory, optic, auditory, part of tha 
floecphuryngenl, and’ the ngual 

ranch of 
Nerves of common sensation, ‘The greater portion of the sel and 


tart of the glowo-pharyngeal 
Nerves of motion, . . . . ‘TMird, fourths lower dlvbten of tho 
ffth, sixth, tnotal, xnd hypogtowal. 
Mixed norvos, . . . . . Preumogustrie and aoorssory. 


‘The physiology of the several nerves of the special senses 
will be considered with the organs of those senses. 


-. 
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t hepa latte ler hr le herd 
connection with other in 
of the muscles of the uyeball, which they 
all formed exclusively of motor 
when the trunk of the third nerve is ir- 
may be becnuse of some fila 
risag Lacs wandsta tee Winter fa the 
adjacent sensitive parte are in- 
cull, supplies the levator 
rink ad a 
jearis, to which the fourth 
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‘he emntraction of the iris thus shows all the ebaracter of a 


7 
Sow thon Seerteast 


H 
and, m perficct 
oni a 
irides will contract Cs wer ate ratlocted 8 








other muscles 
won by the Seine aerve: thus, when the eye is directed 
inwards, or upwards and inwards, by the action of the third 
nerve distributed in the reetus internus and rectus = 5 
the iris contracts, as if under direct volt int The 
will cannot, however, wet Lae eer iris rie the third 
nerve; but this aptues to in association with the 
thar funnier spelled by (hao ‘hie ity be sufficient to make 
it act even in total blindness and Sees bdr 
binge) nee ale are olbaneers ne 
the pupils, whea the e: are moved inwards, as at 
a tg object, has roa Foe urpase of Sela thw 
outermost rays of light which would ta Be too far dit 
oe to leauge cin the se Vimeo the etna in 
straight for as in looking ata distant 
mite nied admission of the Largest neater of rays, of Of which 
none are too divergent to be so refracted. 


The fourth verve, or Nervous trochlearis or pothetious, is 
clusively motor, and supplies only the trochloaria or ‘obliquos 
superior muscle of the eyeball. 


‘The sixth nerve, Nervua abducens or ocularie externus is also, 
like the fourth, exclusively motor, and supplies only the roctus 
externas muscle. “ The rectus externus is, tt re, convulsod, 
and ie eye is turned outwards, when the sixth nerve is irri- 

the muscle puralyzt when thenerve isdisorgnnined, 
comproned, or divided. Tn all such cases of paralyals, the eye 
aquinte ovonis, and cannot be moved outwards, 








2 Ia savoral animals it vende Mlamonts to the ils (Redely My Hall); 
and it hus probably done #0 in man. in some Snstances in whioh tI 
Sea be ol be paar ht ei We other furs ‘supplied by the 


third nerve wore (Gra 
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Eeapeteclin cm hee 
comin ead aoe ae as 
cares bee ee ee i 


us 
i 
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Hi 
he 
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bital nerve had been divided, the animal did not seize ite food 
ih tie pan eld ae ea 

i therefore, justly 
ther phiasemans he BiG Bale oeperseatan al oleae 


sation In the fips; the animal not able to feel the food, 
and, Thacehas horgh i hed Gane 
ing how or where to use that power. 

Lastly, the Ath nerve Nas na Taro sree 
of which it is the necessary excitant. Hence, when it ix 


divided, and can no lon, ‘impressions 
centres to be thence reflected, the Irritation of the conjunctive 


| 


ie liable in the perfect state of this nerve. 

‘The fifth nerve, through its ciliary branches and the branch 
which forms the long root of the cilinry or ophthalmic 
glion, exercises also some influence on the movement of the 
iris, "When the trunk of the ophthalmic portion is divided, 
the papil becomes, according to Valentin, contracted in men 
and rabbits, and dilated in cats and dogs; but in all eases, 


becomes immovable, even under all the varieties of the stimu- 





suggest if 
the iris may be ascribed to the affection of vision in conse- 
quence of the disturbed circulation or nutrition in the retina, 
when the normal influence of the fifth nerve and ciliary gan- 
glion is disturbed. In such disturbance, increased circulation 
making the retina more irritable might induce extreme con- 
tmetion of the iris; or, under moderate stimulus of light, pro- 


i, 
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suggest that a peculiar and probabl joint influence of the 
spat ond ith See neil 
ie 


A possible connection between the fifth nerve and the sense 
of sigh is shown in cases of no anfrequent occurrence, fn 
blows or other injuries implicating the frontal nerve as 

it passes over the brow, are followed by total blindness in the 


a 
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* earrespond! ‘The blindness appears to be the canse- 
quence of nite nutrition of the retina; for although, in 
ome immediately, as if from concussion 
of the retina, yet in some it has come on gradually like slowly 

with inflammatory disor- 


i 
E 
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He 


» the i 
ie connection of its trunk with the 


if 
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abut 
course, it forms with sensitive nerves, 
lingled with its own are the true source of the 
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acquires on the side a i 

from the absence of ull expression: the of the mouth is 
onceere pone any bape tpt Jonger than 
thaton the other: eis an stare. All 
these peculiarities the Tastes; and 
their appearance is: when at any the 
(Sl ieetlergad Basare since sere KiREy SP 
sion, oF their ordinary functions, In an attempt to 
Rlbpetarg linet teso0 the cacth spd cheek acts. paoe- 
erly, but the other side is motionless, or Toosely at the 
‘nmpulee of the expired air; so in trying to suck, one side only 
feta dunilh beter in Seding, thelija ned check'nro paverlen, 

food lodges between the cheek and 


a nerve of expresion, the seven! 
considered independent of the fifth nerve, 
-communications ; for, ‘h it is through the fncial 
all the muscles of the face arc put into their 





i 





1X. 
when the nerve, 
tated, 2. Teritati 


just alluded to, vigorous movements of 
all “ie pe rd pr ic ater arena 
ne Ta inoat rival easel gear eaealera? may be that what 
motor influence the ‘nerve may seem to exer- 
rise, is S| ‘of the pnenmogastric or ac- 


doled tha ier te Semprenetoan 
whe valuta thence refiected to 
perce rt "Thus, the gh geal nerve e: 
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eh F the | 
alone distribut yed no sense: of taste in the majority 
ot the cubjens of Valen ‘sexperiments ; but even if this were 

rally the caso, it would not invalidate the canclusion that, 


rt of the tangue, the lingual branch of tho fifth is the 
Bp. hich fe exsceleed 


Physiology of the Preumogestric Nerve. 
tn af he bert pher pedir deka sist 


i yh has, of seve paolel and spinal nerves, the mast 


finite either 
eae its own nme or thoas which, derived from ee 
Te een ee tee Eeeeiue on teenemeenetee 
ie parts sty y the of the pi 

nerve are as follows: By its pharyngeal branches, which enter 
aie pharyngeal plexus, a large portion of the mucous mem- 
brane, and, probably, all the muscles of the pharynx; by the 
superior Ineynge ne nerve, the mucous membrune of the under 
surface of the epiglottis, the glottis, and the greater part_of 
Giarlacynx, and sthe-crtoo<syrold: conte bye eatey 
laryngeal nerve, the mucous membrane and muscular fibres 
of the trachea, the lower part of the phary | fete aod mores 
all the muscles of the larynx, except roid by 
mPa branches, the ‘mucous oe muscular 
conts of the csophagus, Moreover, the branches of the pneu- 

ic nerve form u large portion of the = suppl clare 
to the heart and the great arteries through the linc nerves, 
derived from both the trunk and the recurrent nerve; to the 
lungs, through both the anterior and the posterior pulmonary 

Joxtses ; med to the stomach, by its iocukal branches pass- 

over the walls of that or voi branches are also dis- 
uted to the liver aud to spl leer. 

From the parte thus enumerated as receiving nerves from 
the Eesenreearet it might be assumed that this latter is a 
nerve of mixed function, both seusitive and motor. Experi- 
manta prove that it ix so from its origin, for the irritation of 
its roots, oven within the cranial cavity, produces pain 
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PHYSIOLOGY OF THE SYMPATHETIC NERVE. 


‘they are neither Dor 
to warrant the supposition, that the different 
can be referred to the dif- 


ble chain of preeverte- 
ir branches, extend- 


wtlinic or len- 
0 wabmaxillary 
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Dntetbation OF the eighth gute of marvie om the Jon sie (frome Hite feld aad 
Levey. 


J Grserian guoglioy of ith ery) 3, Intermed raceild arsery; 3 
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| erro; 1%, gariglian of trwak af " 


PoruMoEANttte ware, 
‘om hyoabeenun 42. Attn (eu) somasstnioating: ‘with wlth 
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i iber of the i cerebrospinal 
Sires afar tavesing Ce pent, pal Ri Maceo 


iw, 182. 








1, lesser root of the Mh pair; 2, grewter roe passing forwards {nto the Gamerian 
gangtion 52, placed on the bane stove the ophthulmke nerve, whteh fx ween Mividling 
into the supreorbital, lachrymal, and nasal branchos, the latter connected with the 
‘oloue to the foramen rotundvim, mares 





the 
anglion, and pass forwards to the Infre-orbital foramen; 5, placed on the bone 
over the forainen ovale, marks (he suboraxitlary nerve, giving of the anterior ao 
rieular and muscular braaches, and continued by the inferior dental to the lower 
Jem, nod ly the gvitatory 40 thre tongues a, Che sabmaxiliaes glo, the submaxitiacy 
panglloe placed above It in conneotion with the gustatory nerve; G the chorda 
Aympant; 7, the facial neren issuing from the stylemantold foramen. 





OF the fibres derived from the fouslia of the eympathetic 

itveelf, come go straightway towards the viscera, the rest pass 

through the branches of communication between the sympa- 

thetic and the branches of the spinal nerves, and joining theso 

spinal nerves, proceed with them to their respective soate of 
istribution, especially to the more sensitive parts. 


> ao 
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Meclees which have 
ve cml ce reer rg iireehermaow's 
ati tank all the Lis puaetaraion chasers ars sated 
a cerebral nerves, have roots (as they are called) through 
which filaments of the cerebral nerves are addod to betas 
‘nerves contain somo inter- 
nerve-fibres; and all cerebral = 


ly arising 

pin 
Probably 
<ete ce 


earesal cen on the 
ja'on the other. In 


nerve, in Sita they they pear 


oa in a doubt- 
bre is derived from one or the 
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esceeic moe bee 
ents exeept such as have arisen from 
and are therefore of the nature of sympnthetic 


parts which are supplied with motor power by the eym- 
wesc ta Seehdt ace 
i ae 


gif 
| 


areyy 


a 


under 
parts supplied with nerves from the sympa~ 
bei Imesanre, independent of the heeds 


ice ee egeeerslpmpr eg ots 
aod sym, {seme 

involuntary pieenaiesana stimali conv) 

ia ur ordesly and Like movements, while 

nerves without are convulsive 

ea = the probability is in the natural 
pibenphche:sas ganglia that natural stineuli, im- 

are reflected cen 


olf 
it 
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revere agli ‘And sympa~ 
erp to pty muti these pervs 
to mw ul meen 

imulated, the tm 
rderly 5 bat if the 
verve, a8 when 


\preasions are 
Seti 


paper 
Pela palceaesunaitenies 
u external cee ongan, bat those also whieh 
‘substance of the organs; such as those dis 
pale peaek Theee also gle mas oe be included 
ik the mesentery: ci 
th abn fh mar a 
r), and in other parte The 
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fibres which arise in the ganglia through which thoy 
CTiscioeasrancootensiew io ibe secdallacaprmia is kaiventaews 
jatii over the whole of the vuso-motor nerves; but it 
weoms likely thnt other secondary vaso-motor centres may 
i in in different parts of the body, and may be the 
centres by which, under ordinary circumstances, vaso-motor 
changes are regulated in the territory in which they are Q 

‘The vaso-motor nerve-centres are not only centres from which 
influences are directly transmitted to the bloodyossels, but, like 
other nerve-ceatres, may be the means by which impulses are 

(p-385), And reflex actions oceur in connection with 
muscular fibres of bloodvewels, as with those of the vol- 
untary muscles, Such reflected impressions may Icad cither 
to contraction or to dilatation of bloodyewels; or, in_ other 
words, the action may be ercito-wro-motor, or ibitory. 
most remarkable instance at present known of a nerve, 
stimulation of which leads by reflex action th the 
pnifeoie te ce in the a fone _ to dilatat ae 
ra the (p, 442); 
buteimilar effects: rh dongle ina los ese, cede 
lating other afferent spinal nerves.’ 

Tc is, of course, very difficult to determine the relative share 
‘exorcised by the true xympathetic and the ordinary cerebro- 
‘spinal fibres in the contmection of bloodveswels, and in the 
general processes of nutrition and secretion, since both kinds 
of fibres appear to be distributed to most parts, and there seems 
to be no posbbility of isolating them. Probably the safest 

of the question at present is, still to regard all the pro- 
of organic life, in ae, as liable to the combined infla- 





ences of the and the sympathetic systems; to 
consider that Stenbrt oto s beet combined bl the 
sympathetic nerves woglia may be in man, as in the lower 
animals, the parts through which the ordinary und constant 
fnflaence of nervous force is exercised on the nie prEceEsses 5 
ela 
* io ir eymy ia, that 
Ruuiarit dient can be siid so be inrlependent of the other; 
each, asa rale, and under ordinary circumstances, governing 
its own domain, but always liable to be influenced by the other. 





4 For an adsirable summary of what sat present known regard- 
inet Inpvatie Of LuoHleartand Blood vowels, see Lactares by Dr. 
in the “ Lanest,”" December 15th, 187i,nnd Javaxey 20th, 
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ious substances wi 
jotion ali 3 but this to: i destruc 
Tact es eee sanmeorer aia stank epee 


Fee tet Pre et 


Fos SS\—Epbervbal clllated celle (ross the wouth of the frog; wagnibed 300 
eameteas (SRErPES 

‘Wra. (54—Codssamar ofliatiel epithelium celts Crom the human easal membrane; 
Memgnitd 300 damesers (Sharpey b 


Little or ae is tenon wi with toe regarding the nn 
abet a r property to that 4 
animals are  masely by 
"The fret of the m it 
animals being effected by a structure 

that of ig ted 
if we consider the matter, it will be 

relationshi 
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in both instances a bud one,—it certainly is an unsatisfactory 
ena-—bat it le ns good ‘for Doe case wa the otaare 


MUSCULAR MOTION, 


Th are two Shiels of iaealie eee atripal, 
q 5 are struc 
foal Maxton cast aya 

muscular fibre is sometimes called voluntary muscle, beeause 


The pant ete or uustri inuscles are made up, accord: 
= Kalliker, of elon, tt pert ey ao 


(Fig. 165), whieh in cere most form pire es cts * 
shout Fas to yr'yo of an incl 
PEt Mie cherie pertains as so 
Fie. 106. 





iv from human arteries, magnified 990 dismetors 
‘treated with aontlo wotd 


ree frow the buiman binder, magnified 29 diameters. 
ted With acetic acid to show the auclel. 
when they break, the ie have abruptly rounded or 


tremities. elongated nucleus, 
pe ce eo Mer or ee enim 


eT 
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one of the edges, either by a fine ta renee streak, or 


‘This form of tissue also enters largely into the compositi 
of the tunica dartos, and is the principal cause of the wrin- 
Kling and contraction of the scrotum on exposure to cold. The 
fibres of the nist in rome measure 


remaster in producing 
this effect, but they are chiefly concerned in drawing up the 
Fin, 197. 





Perpeedicalac section through the sealp, with two Dake-sace, & ¢ylderela; 
Ould; ¢, menolon of the Bair-folliches (afer KAU Mcer) 


fh 
icity, or any other stimulus, the papillw aro 
iment, and give rise to the peculiar 
i cutie anserina, oF in. It 


superficial portion of the cutis, in all parts 
ocenr, in the form of flattened roundish bundles, 
hair-follicles and sebaceous glands. 
without inwards, embrace the eeba- 

attached to the hairfollickes 
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SE ed pe the substance of each 
Pape (Fig. 160) 

The whole substance of the fibre contained within the sarco- 

Jemma may be thus supposed to be constructed of longitudinal 


Fre, 188, Fes, 100, 





Pee 199—Musoular bry torn aoroms; the sarooleenmns still connnetiog the to 
‘Faris of hve Gre (aver Todd sed Bowman). 

Foe. 10 —A few councular Snes, Ding part of « qinall fhseloulus, highly magal- 

S08, showing the treneturen série, a, end elaw of 6, , Mirea; 4, Mlvre ypllt Inte 

(Re Wells (ater Bhaerpey 


fibrile—a bundle of fibrils eurrounded by the sarcolemma con- 
stituting a fibre. 

Pere eh regan the nature of the fibrils. 

Ret ceateenibe rari el of a single row of minate 

oe cash cine by « brighi race React SAT 

each other by a bright space a 

ci ais alipallins A fine streak can ibe 

‘ei pag aera he bgt interval bore 

oo. elements. Dr. Sharpey believes that, cven in a 

| no constituted, the ultimate anatomical element of the 

lated. He believes that ench fibril with 


composed of a number of 


ular but as a streak, and the 

it space but a row of dots 

nce of striation in the whole fibre 

orted the ane side by side, of the 
of the fibrils (Fig. 161), 














A. Portion of # wetfuursival bina musculér Shere saxgullled meaty 80 daar 
tor I Shparuted bundles of Wri equally magnified; a, 4, Larger, ant 8b wrcaller 
olleytions 6 +t amallery od, tho salient wile could be detaebod, 
resenting & slnglo weries of recs elements (after Bharpey) 


Although each muscular fibre may be considered to be formed 


Fe 162 


Muscular Hbres fron 
tho heart, magnified, 
showing thelr oro: 
stele, Aivisfony, and 
junctions (from. KAll- 
eer 


of a number of longitudinal fibrils, ar 
ranged side by side, ies also true that they 
‘are not naturally separate from each other, 
there being lateral cohesion, if not fusion, 
of cach sarcous element with those around 
and in contact with it; so that it happens 
that there is a eet for a fibre to split, 
not only into separate fibrils, but alzo ceen~ 
sionally into plates or disks, each of which 
is composed of sarcous elements laterally 
adherent one to another, 

‘The muscular fibres of the heart, al- 
though striped and resembling closcly 
those of the voluntary muscles in their 
ieee structure, present these distinctions: 

hey are finer und more faintly strinted, 
they branch and ansstomose one with an- 
other, and no sarcolemma can be usually 
diseerned (Fig. 162). 


_ i 
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‘The voluntary muscles are froely supplied with bloodves- 
sels; the capillaric network with meshes around 
the fibres on the of the sarcolemma, No vessels pene- 


iniciiee alse bees freely to muscles; the voluntary 


nerves from the eerehs ina] syaters, 
and the i futtilsa Sotbnsraipnthasene pany ose 


Properties of Muscular Teac, 
Saeed he lactacin, wagice 


system by division of the noryes 
as tiia eaditeal todd 6© Abe ouasele is m5 & 
5 und Ydly, it is manifest in a portion of muscular 
pe whieh, under the micreseope, no nervefibre can be 
If tho removal of nervous influence be long continued, + 


amuscle, or in cases of I~ 
‘ital 
to 


i : 
a 
i 


them is key ‘Thue cer i : 

to them yy 

trunk of a limb, pews of ae 

‘ially or wholly lost, until the collateral cir- 

; and when, in animals, the abdominal 
are rendered almoet powerless (Se- 


i 
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iE 


g 


‘this organ in asphyxia la in some measure due (p. 


(eat erg » the muscles, espocinll; 
the striated or those sta i pms soi pets 
‘mnsitive nerve-fibres distributed to them. amoant 
amon sensibility in muscles & not great; for they may be 
it giving rise to severe pain, at least in 

. But they have a peculiar 

pecalisr modification of common sensi 
39 
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SOUND OF MUSCULAR CONTRACTION. 
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Ie is still better shown in the arteries, of which all that have 
muscular conts contrict after death, and thus present the 


tly dead, thy th 
relax, as do all the other Secalanfead feel eh ane, aan 
lie as if fattened, and with their walls nearly in contact,’ 


Actions of the Voluntery Muscles. 


‘The greater part of the voluntary muscles af the body act 
sources of end for moving lever—the latter consisting 
the muscles are attached. 


Qe 
F 
i 
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ut 
if 
ge 


ity of the lever, the weight at tho other, 
betmect the two. IF the intial letters only 
r. fulerum 7 armogement 
thus: PEW. "A poker, as ordinarily used, cr 

. 164, may be cited at an example of this variety 
‘as an instance in which the boues of the human 
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the handles of s wheelbarrow, or in stretching an elastic 
sin Fig. 164. In the human body the act of opening the 


je muscle i maintained, and contraction is 
payttiieg (each ss an effort of the will) which lib- 
int 
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jouth by depressing the lower jaw, is an exaiple of the same 
kind ‘easton of the pectin which merci repre: 


seating the weight (Fig. 164). 
Ps. 1, 


In w lever of the third kind the arrangement i»—P.P.W., 
and the act of ralsing a polo, aa in Fig. 165, i 65. exassple! 
To the buman body there are namerous exatsiiaaie tease 





ite 





ployment of this kind of Jevernge. The act af bending the 
forearm may be mentioned as an instance (Fig. 165). 

In the human body, lovers are most frequently used at a 
disadvantage as regards power, the latter being sacrificed for 
the sake of a greater range of motion, Thus in the diagrams 
of the first and third kinds it is evident that the power is so 
close to the fulcrum, that great force must be exercised in order 
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to produce motion. It is also evident, however, from the same 
dingrams, that by the closcnes: of the power to the fulcrum a 
great range of movement ean be obtained by means of a com- 
parntively slight shortening af the museular fibres. 


Fie. 988, 





‘The cone uutaber of the more important muscular actions 
of the human body—those, namely, which are bar- 
ly #0 as to subserve some definite purpose or other in 
animal economy—are described in various parts of this 
ICT beracrend Baelr reat glo Soap dered 

by muscular xetions are or carried 


LEapRUAFT 


wo 











forwards, it is plain that when the heel is 

aitcomclen tia whe wi be ad and phe 
ec eaten oo tin Fy ih 1,23 

step in are a 

Now it Ts ovidout that by the 
the position No. 8, it ix time that npn 
brought forward to support it and itfrom | 

by its mechanical; 

is effected Partly ly its + aed 


ieee Wise, 2 
rectus 
the iliacus; 2. the Hott slew 
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re 
slightly bend the lag on tho tl igh nud Say, the maveles on 
front of the foot und tocs, 
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166, 3, the pelvis ie instinctively, by various muasches, made to 

rotate on the head of the left femur at the acctabalut, to the 

loft side, so that the weight may full over the line of 

formed by tho loft log at the time that the right leg is 

ing forward, and leavin bo the work of ae mappry ue) on 

its fellow. Such « " movement trunk and 
vis, however, is on ant aver mnanuer of doing whet cain 

Po done more gracefally by combining a slight rocking” with 

a movement of the whole trunk iat Jog over the foot which 

is being planted on the ground (Fig. 167); the action being 





Yen. 167. 





accompanied with a compensatory outward movement at 
hip, = easily appreciated by ee at the Gum ‘ay 
d, 


than di dese 





curvatures of th 
varylog position of the weight whick it peepee to sa a 
extent to which the body it raised or swayed ceca in 
different. people. 

In walking, onc foot or the other is always on the ground, 
The act of feaping, or jumping, consists in se sudiien m 
of the heel by the shirp nud strong contretion of the 
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Penarth crab fa ag! aa Da area At the sabe 
rented by firat bonding the thi; 
‘on the pelvis, and the legs on the thighs, and then sudden! 
ightening out the angles thus formed. Tho share whi 
this action has in producing the effect may be easily known by 
mpting to leap in the upright posture, with the legs quite 


vaning in performed by a series of rapid low jumps with 
cach j #0 that, during each com) mueoular 
Soe abel acpstiia in glrenlbohe frit! her 


In all theso cases, howover, the description of the manner 
bear ee itiey ern lay baer pa but a very im- 
perfect idea of the infinite number of combined and harmoni- 
ously urranged musculur coutractions which are necessary for 
Lae gre Museles—The invol 

of mua 
cles are for the moet Pep araaaA GS keion areca. 
act as levers, but enter into the formationof such hollow parts 
as require a diminution of their calibre by muscular action, 
ander partic circumstances. Examples of this action are 
to be in the intestines, urina: es Remereeat nd Hooch 
vessels, iy lacts, Ke. 
The in the manner of contraction of the striated 
ee Se arenes ae Dae alealy sobeured'to (p. £68); 
and the peculiar yermicular or peristaltic action of the latter 
fibres in some regions af the body has heen deseribed at p. 276, 


if 


l 


Source of Muscular Action, 

Tk was formerly supposed that each net of contraction on 
the vf a muscle was accompanied by a correlative waste 
of its own substance; and that the panels of 


that in the action of museles, as of ull other parts, 
@ certain destruction of tissue or, 


Thich may bercpresealad bya alight 
2” which may be re a slight 
inerense in the quantity of urea exerting: bat it bot the 
or only source of the power man |. 
‘the amount of urea which is excreted after 
is by no means so great as wus 
(pinderd, it ix very slight. And aa there is na 
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‘The quantity of these nomni tis excreta is undoubted! 
increased by active mutcular and to a pity Heats 
extent; and whatever may be the source of the water, the car- 
pie =k te ie ee action in the 
system, ie non: 8 
‘ood, lthough doubtlee, of nitrogenous food aera are, 
ils driven to the Seer eee a meee of 
muscles is not wasted in ‘ion to the warh ; 
and that the etapa eel ia well ug the ree bape foods 
may, in their combustion, afford the requieite conditions for 
muscular action. The urgent necessity for nitrogenous food, 
especially ufler exercise, is probably due more to the need of 
nutrition by the exhausted muscles and other theues for which, 
of couree, nitrogen is oaontial, than to euch food being auperior 
to non-nitrogenowe substances as a source of muscular power, 





CHAPTER XVIII 
OF VOICE AND SPRECH. 


Ts nearly all air-breathing vertebrate animals there are 
arrangements for the production of sound, or voice, in eome 
part of the respiratory apparatus. In many animalsthe sound 
admits of being variously modified and altered during and 

i nin tan, one af the resulta of gach 





Mode of Production of the Human. Voice. 
It has been proved by observations on living subjects, by 


> = 
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of the » 05 well as by experiments on thi 
ite ames te hacia it uh 9 wacadsf te hse 
is the result of the inferior laryngeal ligaments, or true 
yooal cords (A, ev, Fig. 172) which ‘bound glottia, being 


3 


Pie te 








2» 





Gutinae showing the groersl form of the tarynr, tricbea, 400 bronchi, se seen 
frm Mefere. jo—A, the great cornu of the Byold bone: eplgtottts; { wapeetor, aud 
‘Glaterine corm nf Ue thyrob. carsllage; ¢, slddle of the criqubd cartibage  , the 
Nencho, chow lang wlater' cartilngiwoes riage, 8 the Fight, aud &, tine oft bronchi 


ene vibration hy curreote of expired air impelled 


‘Thus, if « frno opening exists in the 
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sound of the voice ceases, but returms on the jing being 
Ai inte the ai 
> eateke porate theca 








of the Jaryngeal nerves eupplying the which 

vocal puts an end to the formation of vocal sounds; and 
when these nerves are divided on both sides, the low af voice 
is complete. Moreover, by foreing a current of air through 
dosed dagugh the epglttl, Ras. pee gnats of 

iu 

laryni or false xocal contaythm vesicle bedeuan esbeund 
the inferior ligaments or true vocal eords, and the » part 
of the erytencld care laans CRED eer eoe ree ‘the trae 
vocal cords remain entire, with their points of attachment, and 


be kept tense and so approximated that tho fissure of the 
tis may be narrow, E G 

‘The vocal ligamenta or cord, therefore, may be regarded as 
the proper organs of the mere yoice: the mod fications of the 
voice are effected by other parts as well as by them. Their 
structure ie adapted to enable them to vibrate like tense 
branes, for they are ezeentially compoeed of elnatio theus ; 
they are so attached to the oan parts of the larynx 
that their position and tension can be variously altered by the 
contraction of the muscles which act on these parte. 


3 


The Larynz. 


that they can be made the means not only of closing the larynx 
inst the entrance and exit of air to or from the lungs, but 
iso can be stretched or relaxed, shortened or lengthened, in 
accordance with the conditions that may be necessary for the 
air in passing over them, to set them vibrating and produce 
various sounds, Their action in jiration has been already 
reforred to (p. 166), in connection with ordinary tranquil res- 
piration, and also (p. 182, et aeq.) with other respiratory acts, 
in which the opening or closing of the glottis, or, in other 
words, the close apposition or separation of the yocal cords, is 
an essential part of the performance. In these respiratory 
acts, however, any sound that may be produced, a¢ in cough- 
ing, is, 20 to speak, an accident, and not performed with par- 
pose. "In the present chapter the sound produced by the vibra~ 
tion of the vocal cords is the only part of their function with 
which we have to deal. 
Tt will be well, perhaps, to refer to n few points in the anat- 


- |6=—O 








THE LARYNX. a7 
of the I before considering its ology in eon- 
Fe he erry aa epiphanies 


The ipal entering into the formation of the larynx 
(Bign. 169 and 170) are—(1) the thyroid cartilage; (¢) the 










pprenre rere serra 


‘Oudine showing the geocral form of the Iara. trachea snd broaebi as ween foam 
edind, Bp-—b, great corme of the byeid bone 1, wepersor, wud F, the inferisr comm | 
A the thyroid cartlings ; «the epigloitin; @, pointe 10 the tack of both the arytenehs 
‘rartilages, which are sarmeonted by the cormiculs . 4, the mbbilie ridge on the sek 
‘et the erica 
‘Tight sit Jer 


cartifage ; &, the posterior tormbranous part of ube trahen: be, 
been, 
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cricoid cartilage; (a) tho two. nrytenoid and the 
two true vocal cords (A, ov, Fig. 172). Aico 
170, ¢) has but little to do with the voice, and is 


of either side, need be here only reforred to. 
‘The thyroid cartilage (Fig. 170,1 to 4) does not form a 
complete ‘ring around the larynx, but only covers the front 
rtion, ‘The cricoid eactilage (Pig. 170, 5, 
Band, is n complete ring; the back part of the ring being much 
broader than the front. On the top of this broad portion of 
the cricoid are the wrytenoid cartilages (Fig. 169, a) the oon- 
r i parti 





nection between the cricotd below ary! 
above being a joint with synovial membrane and Igaments, 
the latter permitting tolerably free motion between 
Bat, although the arytenoid, 
Fro. 170. lages can move on the cricoid, 
of course accompany the latter in 
all their movements, just as tho 
head may nod or turn on the top 
of the spinal column, but must ne 
company it in all its movements as 
“The thyroid tilage is al 
1¢ thy roid ea also con- 
nected with the ericoid, not onl; 
by ligaments, but by two joints 
synovial membrane (f, Figs 168 
and 169); the lower cornua of the 
thyroid clasping, or nipping, as it 
were, the cricoid between them, but 
not #0 tightly but that the thyroid 
can revolve, within a certain a 
around an axis passing transversely: 
through the two joints at whieh the 
cerleoid is cl » ‘The vocal cords 
are attached (behind) to the front 
Cariiingee of the laryox seen Portion of the baso of the arytanoid 
from before }j—1 to 4,thyrold cartilages, and (in front) to the re- 
vertical ridge or po= i 
ty 2 Might ales, B, it is evident, therefore, 
4,fnferior corn of 
Haseena oe ake macro, thea cartilages must produce an 
part; # anter(or narrow part of effect on thom of some kind or other, 
the ng: 7, aryienold cartiiues,  Tnaamuch, too, ws the arytenoid enr- 


a) 








== 
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en the top of the back portion of the cricoid car- 
oe are conuected with it by capeular and 
movernents of the ericoid exrtilage must 

id martilages, and alto produce an et on 


‘The so-called intrinsic muscles of the larynx, or those which, 
have a direct action on the yooal cords, are 
Lay pairs, tigotno mnsele: aeealy et 
ink muscles, two two 

arytenoid, two lateral erico-« id, and one arytenoid muscle, 
Their actions ary as follows: When the evico-fhiyroid murclos 

% 471) contract, they 

ies thyroid. 

such @ manner that 

and back part of the 

yt 


the outer angles 


jion as to rotate the 


crieo-urytenoid muscles are opposed 
foterates, which, pulling in the opposite 
other side of the axis of rotate have of 
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exnetly the opposite effect, and close the glottis (Fig, 174, 4 
i 5). 

wuThe apertare of the glotila ean, be alve coolzactad (by Ue 

® muscle (4, Fig. 173, and 6, Fig. 174), which, in its 


Fro. 72, 


A 


a 












Those laryngoscopto \porior aperture of the arynx and surrounding 
arte and ditferont states of Khe hots daring Lif (fran Canemak 

A, the slottinduring tho erabulon of a igh note Jn sloging jh fn easy and quiet 
Inhadntton of ain €, in the state of widest posible Ailatation, ow in inbaltng » ¥ery 
op breath. ‘The diagrams A’, If, and ©, have toen adie 10 Ceoriak' putes, to 
show Iv horlaantal sections of thr glottis the position of the oes] Ilpsmeot 
Cd eartlages 18 the roe several states rvproseeited in the other figures. all 
‘the Oquiron, 99 farm ronrke, he Iectery Sevloute the arts ws foHL0WR, via. e& Ne Name 
‘of the tongue) «, the upper tree park of the epislottin; «, the Aubercke ar: 
Ue oplglottle; ph, purt ef the anterior wall ot the pharynx bebitnd the 
aueyin of the aryteno-cyiglottolean fold, w, che »meling of tho mom 
the cartilages of Weisberg ;4 that of the cartilage of Rantortul jo, the ip 
‘of the arstonoiid cartilages; ¢,the trie youl cons wr lips of the rims glottis; 68, 
tho muperior or false vocal conte; betseonn that she veoteiole of she Leryn; an C, er 
placed on the abterior wall of the reovding trachos, and b {nidieatos the commence 
iment of the two drone! beyoud the bifureation Which taxy bo brought tl# Yew a 
thin seate of extreme dintation (from Quain'® Anatorny 
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or the She? an Ts fet 
aaseap at Uiaigucad onc hie postion 
a ma 
with the be, eed by eine eon the various 
little muscles which act on them—the thyro-urytenoidei having, 
without much reason, the credit of taking the La share in 
meee of this 72 ii to show the 
positions 
stances, 


ion 
in 
‘Thos, 


SEPees 


F 


ns 
are brought well wit 
help of the las 
on the ether hand, 


the ary! 
Wf they were trying tw hide themselves under it (Fig. 


somewhat pressed dows #0 as to cover 
of the larynx, serves to render the notes 
‘in tone, atthe sume tine somewhat duller, just as 
eeronae tia iond of te tube placed in rine! ot omen 
the tone. In no other respect docs iiglotti 
mm ing the yorul petit 

de ge ion of the vocal cords also usnally 
with the bei, the note produced ; but probably 
width of the aperture baz no essential in« 
height of the note, as long as the vocal cords 
; only with a aperture, the tone is 
luce, and is less t, the rushing of the 
bein, hor at the same time, eras 

is at for part of U 
that, viz, which te Senioa by the «pace 
cartilages. For, a+ Muller's oxperi- 
cartilages be approximated is 
that their anterior proceses teach each other, 


iene 
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but yet leave an opening behind them ax well a im front, vo 
second yoeal tone is produned by the passage of the alr 
the posterior opening, but merely a rustling or bubbling 





Yi. 121—Viow of the larynx and part of the Eruchea fran behind, with the mente 
imected |, the body of the hyold bone; ¢, eplglotitey F, the posterior borders of wie 
Uhyrold cartilage; ©, the median ridge of the erieold; 9 Upper part of the wrytenobl; 
4, placed on one of the oblique frsetoult of the arytenoid muscle | 8, Teft poxterlor 
cricw-arytewold muscle ; ends of Ihe incomplote cartilaginous rings of the Frsches § f 
Ayrous membrane crvesing the tack of the trachens », wiimewlar Hheew expored th « 
past (from Quain's An 

Yim {74 —View of the larynx from alarey. J, aperture of glottis; 2 aeytenol ear 
Uilages. 4 vooal conde) 4, posteriur erieomsrytenoid anuslen; G lateval erieomarytenoli 
muscle of right side, that of loft side removed ; G arytenold muscle; 7, Uhyro~aryte 
nold muscle of left aide, that of right side removed) 3, thyroid eartilage; 8, erleold 
cartilage: 18, posterior erico-arytenold Ugament. With the exception of the aryto- 
old muscle, this diagram fs a copy from Me. Willis feure. 

Fi, 115.—View of the upper part of the laryna as seen by means of the laryngo* 
scope during the atteratioo of a grave note, 6 epiglottie 4 tubeselos of the cartiinges 
of Santorini | a, weyte rUllages; », tawe of the tongue: pA, the posterior wall of 
the pharyax, 























and the height or pith of the note produced is the same who- 
ther the posterior part of the glottis be open or meta provided 
the vocal cords taainiain theme degree of 














the loudness of « mote the faintest “piano” to 
= " without its pitch altered, there must be 
some means of compensating the of the vocal cords 
to emit # hi; note wher the force of the current of alr is 


be merely the result of involuntary associate nervous action, 
excited by the voluntarily pes 
the larynx. If the ine arches contribute at all to the 
roduction of the higher notes of the natural voice and the 
to, it can only be by their increased tension strengthen- 
ing the resonance. 


cement 
mouth-piece of trumpets, which allows the free vibration of 
the lips. 
SPEECH, 


Besides the musical tones formed in the larynx, a great 
number of other sounds can be produced in the voral tubes, 
between the glottis and the external mperturos of the airpas- 
sages, the combination of which sounds into different groups 
to designate objects, properties, actions, &e., constitutes lan 
guage. The languages do not’ employ all the sounds which 
can bo produced in this manner, tho combination of some 
with others being often difficult, Those sounds which are 
easy of combinntion enter, for the most part, into the forma- 
tion of the greater number of hin, Each Innguago con- 
tains a certain number of such but in no one are all 
brought together. On the contrary, different languages are 


ma 
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the in them of certain clases of 
whil are less frequent or altogether ab- 


or in the cavity of the mouth or 

of the air between the surfaces 

in io. Bat the sound of the 
sonron ie glosti 


modifications. 
ith assumes the same form for the 
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of the fifth nerve. Hence the sensations of cold, heat, itehi 
setting ap one 
the nostrils. these nerves cannot performs the faction 





Feo. 177 





‘Lat eltectney werve, with fi disieitution on the sepeam marisa (fem Wilson). 
Sareea reer aoe Wiad 8 etn gal of esinolt ese; « spieoidtl chews 
‘and onekpital 


Jari othe pharyax; 9, wet painte Sivided through ita middle; 10, out aurfaen of the 
it ails 4 is three roots of origin  ¢, the olfactory bulbs, 
(opbthabale dirision 


palatine 
Aine weave to the jalato; A satertor and posteri palatine nerves; &,eeptom wartuin, 


Ih ie while the mucous membrane of the nese re- 
s of the various modifications of common sen- 
‘or touch. Bat it is bts oben difficult to distinguish the 
n Peano that of aiete Sealng, ses sactea 
ngs to is is couse 
sentinel the mentee 


that fra ane led to believe 
exercise the special sense, 
lo not all equally perceive the 
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fing sensation excited in the filaments of the fifth nerve, a 
smell tike that of ammonia wax excited by the negutive pole, 
and an wetd odor by the positive pole; whichever of these «en: 
sitions was produced, it remnined constant as long as the circle 
was closed, and changed to the other at the moment of the 
circle being opened, Frequently x person smolls something 
which ie not present, and which other persone cannot «mell; 
this is very frequent with nervous poople, but it occasionally 
happens to every one, In a mun who was constantly conscious 
of a bad odor, the aruchnoid wus found after death, by MM. 
QGullericr aed Mnignault, to be beset with deposits of bone; 
vont the middle of the cerebral hemispheres were scrofulous 

astate of appuration. Dubois was acquainted with 
@ ian who, ever after a fall from his horse, which occurred 
—s years before his death, belioved that he amelt a bad 

fe 


F 








TUE SENSE OF SIGHT. 


The eyeball or the urgan of vision (Fig. 178) consisis of a 
sanity of structures which may be thus enumerated : 


Fro, 17 





"The selerotir, or outermost coat, envelops about fivesixths 





2 continuous with it, in front, and ocoupying the 
ixth, is the corneo. The cornea and front porti 
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id 
5 


the choroid is to absorb, by means of its pigment, those 
of light which pass thi the transparent retina, and 
to cit being thrown again upon the retina, so 
otecfore with the divine of the | there formed. 
animals in which the choroid is «destitute of pi 

albinos, are dazaled by daylight, and sce in 
Tes hrs cont tne Lin what sre called 


Era 
gs 
t 


: 
= 
i 
? 


Fee. 180, 


‘The retina (Fig. 181) is a delicnte membrnne, concave, with 
the concavity directed forwards and ending in front, near the 
tee 


oF expansion of the optic nerve, of whose terminal fibres, ap- 
rently deprived of tir ‘external white substance, together 


and at a point thus cor 
which the sense of vision 


Semmering. 
a layer 
cover it, and in its centre is a minute 
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fibres to form the retian, This is the only point of the surface 
of the retina from which the power of vision t# absent. 


Pre 18h, 





‘The portertor half of the retina of the left eye viewal from bofore (nflar Sealey; 
4, the out edge of tho melerotic coat | aA, the ehorold;, the retina: tn the interior at 
the middle, the macula lutea with the depremion wf the fovea oem tralls Is represented 
hy a slight oval shade; towards ihe lafealte the Light spot tndleaten the éollieaox or 
etstuenee at thn entrance af the 

coxntralls in ater spread ing tts branches lato the ratty, i 
Ue maria comparatively fren 












On making # vertical section of the retina, it is seen, under 
the microscope, to be composed of several layers, which differ 
from each other in structure and arrangement, while besides 
these there are fibres, the so-called fibres of Midler, which ex- 
tend through the different hryens, rlisrate them, #0 to 
speak. Fig. 182 represents a Vertien! section of a amall piece 
of the retina. On examination it will be seen that there are 
three principal Inyers, bounded on the daner aspect by a mem- 
brana fimitens, and on the outer by the choroid coat, 1. The 
outermost is the mombrane of Jacob, or the columnar layer. 
2, In the middle is the granular layer. 3. The innermost ix 
the nercous layer. Each of these layers, again, is composed of 
different strata, after tho fishion shown in the figure 

‘The columnar layer (Jacob's membrune) is composed of oyl- 
indrical or staffshaped transparent and highly refractive 
bodies, arranged perpondiouiatige to the surface of the retiog, 
with their outer extremities imbedded, to a greater or less 
depth, in a layer of black pigment af the choroid coat. Re- 
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cent mesearehes seem lo have determined that this membrane, 


instead of as was formerly considered, an independent 
covering, it Biclysieectated both in stroeture and fine 
Fem. ro. ee, 


Fou 16te—Elemente nt beman retina. 1 lange sre of optic 
‘Rbrw of tee name; 2 rok wit w pramebe J. actachot &  villar roo 
Prvlenencen coUveeting wth ihegratede; 9, portions of rods altered by’ 
OE wat: HZ) HO women 4, with Uheks auclel, c6; thete bear portloum, dd, net 
hele ine Rvreee prokongetions, +4; 8, radiating Sbre,¢4, with cranuleof oxtertayer, 
ip. tl selelevdling \n Che bwoltbar layer, at well as im the 9 
io atte of (aer layer, J, granule of owter layer, g, and expan 
Seen ne oe letter In the opthe layer at Az 18, similar eam 

moar, 4,6, iB graaule, g, eed NIB Mereeeell, 


the sensitive part of the retina ; for the conical and 
| Insdlies, Of which it is composed, uppear to be eon~ 
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fibres, The nerve are the outermost, amd are most 
numerous over the und absent altogether from the 

int of entrance of the optic nerve. are imbedded in 

¢ molecular matter, which also forms a layer outside them. 
‘The nerve-ibrer radiate as # fine membranous network from 
the point of entrance of the aptic nerve, of wheae fibres they 
aro hs continuation, They end probably in the nerwe-corpus- 
eles, The fibres are absent from the yellow spot, 

Two of the fibres of Miller ure, for the suke of illustration, 
arranged in the figure separately on each side of the Inyer 
which they perforate. ut the connection of the fibres of 
Miiller there is come uncertainty, They are to be 
connected by their owler ends with the rods cones; and 
by their funer, which are thought to be modiflentions of eon- 


layer. 

‘The structures which have been just described are modified 
in their distribution over the yellow pot in the following man- 
ner: Of the columnar layer, or membrani Jocobi, the cones 
greatly predominate; of the nervous layers the cells are nu- 
merour, while the nerve-fibres are absent, There are capilla- 
ries here, but none of the larger branches of the ar 
teries. Opposite the fovea centralis, there arc, moreover, neither 
the granular, nor the fine molecular layer, nor the fibres of 
Miller, 

By means of the retina and the other parts just described, 
8 provision is nfforded for enabling the terminal fibres of the 
optic nerve to receive the impression of mys of light, and to 
communicate them to the brain, in which they excite the sen« 
ention of vision. But that light ehould produce in the retion 
images of the ohjects from it comes, it is necessary that, 


mT 
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or reflected from determinate parts of the exter 
ee, of the 
al 


object from 
refrcting media arc, in the order 


‘The cornes, 
to (p. 500), ix 


refracting 
con if the i rat fill ae 





‘aqueous humor and the iris, and imbedded 
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the anterior part of the medium next to be deseribed, viz. the 


i. vitreous huis, Raa 
VEX J 
5 ‘which ls the mout important refrac, 


one another, that when in 
epiric erat inte three por. 
in ecctons, of 
Laminated structure of the TIME MD p 
cvyetaline leon f—The hase “hich is composed of superimposed 
Seolitap ane waning in eoneentric Iaminan ‘The Webs i 
dlenbol. croases in density and, commequeotly, 
in power of refraction, from without 
inwards; the central part, usually termed the nucleus, being 
the most dense. The density of the lens inereases with age ; 
it ie comparatively soft in infancy, but very firm in advanced 
life iit is also more epberical wt an early period of life than 
in ol . 
‘The ettreows humor constitutes nearly fourdifths of the whole 
lobe of the eye. It fille up the mae between the retina and 
@ lena, and its soft jelly-like nee consists essentially 
cof numerous layers, formed of delicate, simple membrane, the 
paces between which are filled with a watery, pellucid duid. 
t probably exercises some sharein refracting the rays of light 
to the retina; but its principal use appears to be that of giv- 
ing the proper distension to the globe of the eye, and of keop- 
ing the surface of the retina at « proper distance from the lens. 
‘Ae already observed, the space oceapied by the aqueous 
humor is divided into two portions by a vertically-placed mem- 
branous diaphragm, termed the iris, provided with # eentral 
aperture, the pupil, for the transmission of light. ‘The iris is 
composed of orgavic muscular fibres imbedded in ordinary 
fibro-cellular or connective tissue. The muscular fibres of die 
iris have u direction, for the most part, radiating from the eir- 
cumforence towards the pupil; but as they approach tho pu- 
pillary margin, they assume a circular direction, and at the 
yery edge form » complete ring. the contraction of the 
radinting fibres, the size of the pupil is enlarged: by the con- 
traction of the circular ones, which resemble a kind of sphine- 
ter, it is diminizhed, The object effected by the movements 
of the iris, is the regulation of the quantity of light transmiteed 


TT 
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‘inthe the eve are first refracted, that is, are bent towards the 
axis af the cone, by the comea’c c, and the aqueous humor 
evetained between it and the lens. The rays of each cone are 





Scacted a2 bent still more towards its central ray or 
Zor surface of the lens EE; and again, as 
rough its posterior surface into the less dense 
ous humor. For a lens bas the power of 
nz the convergence of the rays of a cone 




















race, but also at their exit from its poe 
nto the rarer medium. 

ke rays of the cones of light issuing from 
are again cullected to pointe at a and 6; and 
at w-and 6, perfect, though reversed, 
ss 4 and B will be perceived; but if the ret- 
er before or behind that situa- 


S qe have armas intersected each 

rging. The retina must therefore be 
r fucal distance from the lens, otherwise a 
21 got be formed : or, in other words, the rays 
wer point of the object will not be collected 
Print of focus upon the retina. 
which distinct and correct images of- objects 
the various conditions in which 
3 relation to external objects, may be sepa- 
der the fillowing heads: 1, the means 
inemmess froin aberration; 2, the means 
for preventing it when objects are viewed at different distances; 
X the means by which the revered image of an object on the 
retina is perceived as in its right position by the mind. 
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1. Since the retina is concave, and from its centre towarda 
fits redohee the lene, it follows that the 
ic 


the re 
t from an object situated at the 
of the field of vision do not meet all in the same point, 
it 1 lie dren rl vn eee ora Ts krone 


Hi 


ye 


from passing through aor Dee of the fens 
to the pupi 
ape atrig-enast oa tet 
i ject at the proper distance for 
bundant; so that, while a sufficient 
the narrowness of the pupil may 
of this 
ww 


‘Hie 
i : 
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ind! \ees of the image by 
ion or ual refraction mentioned. 
inaee ol by ‘the rays through the 
of the lens, when the pupil is much dilated, aa 
in a feeble light, may, ander certain circum- 
r 3 the image formed by the central rays 
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in the dark, or 
oe 


The pigment of the cho- 
in this aol, for the retina is 
the surface behind it were not o! 


it, and would fall upon other parts of the same 
Prodocing both dazzling from excessive light, and 
0 
an ordinary convex 
colored 








lenses, differing in shape and density, the second of which 
Conilitoon Litre tooata EEE 





as the 
eye adapts itself to the ‘different distances of sight, either 
of these conditions be interfered with, a more or less distinct 
appearance of colons is produced. 

2. The distinctness of the image formed upon the retina is 
mainly dependent on the rays emitted by each luminous point 
of the object being brought to a perfect focus upon the retina. 
Tf this focus occur at a point either in front of, or behind the 
retina, indiatinctness of vision ensues, with the production of 
halo. The focal distanes, i, ¢, the distance of the ete which 
the luminous rays from a Jens are collected, ides being 
regulated by the degree af convexity and density of the Tens, 
varies with the distance of the object from the lens, being 
greater as this is shorter, and vice vered. Hence, since objects 
placed at various distances from the eye can, within a certain 
range, different in different persons, be seen with almost equal 
distinctnes, there must be came provision by whieh the eye is 
enabled to adapt itself, so that whatever length the focal dis- 
tance may be, the focal point may always fall exactly upon 
the retina, 

Thie power of adaptation of the eye to vieion at different die- 
tances has received the most varied explanations, It is ob- 
vious that the efleet might be produced in either of two ways, 
viz., by altering the convexity or density, and thus the refract- 
ing power, cither of the cornca or lens; or, by changing the 
position cither of the retina or of the lens, so that whether the 
object viewed be near or distant, aud the foen! distance thus 
increased or diminished, the focal arr to which the rays are 
converged by the lene may alwaye be at the place occupied by 
the retina, “The amount of either of these chan; juired in 
even the widest rango of vision, is extremely a Bors from 
the refractive play of the media of the eye, it has been cal- 
culated by Olbers, that the difforonce between the focal dik: 
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by the use of convex glasses, which diminish the focal distance 
‘of an image formed in the e 

3, The direction given to the rays by their refraction is regu- 
lated by that of the central ray, or axis of the cono, towards 
which the rays are bent. ‘The image of any point of an object is, 
therefire, usa rule (the exceptions to which need not here be 
stated), always formed in a line identieul with the axis of the 
cone of light, as in theline of 6 a, or a b, Fig. 185: 0 thnt the 
spot where the image of any point will be formed upon the ret- 
ina may be determined by prolonging the central ray of. the 
cone of light, or that ray which traverses the centre of the 








Poa. 185, 





pupil. ‘Thus 4 6 is the axis or central ray of the cone of light 
issuing from A; B a, the central ray of the cone of light issuing 
from n; the image of A is formed at 6, the image of Data, in 
the inverted position ; therefore what in. the object was above 
is in the imago bolow, and vice versd,—the right hand part of 
the object is in the image to the loft, the loft-hand to the right. 
If'an opening be made inan eye at its superior surface, so that 
the retina can be seen through the vitreous humor, this re- 
versed image of any bright object, such as the windows of the 
room, may be perceived at the bottom of the eye, Or atill 
f the eye af any albino animal, auch as a white rabbits 
1 the coats, from the absence of pigment, ate trans] 
ent, is dissected clean, aud held with the cornea pha 
window, a very distinct image of the window completely in- 
verted is scen depicted on the posterior translucent wall of the 

















" Wor details on thls subject, onault the various treatises on the 
Physiology and Defects of Vision. 
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same, being di iit 
follows, that the mind is constantly in the acts of 
vision, 60 that at Inat it bocomes ay 

to mere sensation, and what to the 

By a mental operation of this kind, we obtain a correct ide 
of the size of individual objects, us well as of the extent of the 
field of vision. To understand this, it will be necessary to 
refer again to Pig. 185, p. 512. 

The angle x, included between the decussating central rays 
of two cones of light issuing from different points of un pies 
is called the optical angle—ongulus ‘ou visorive This 
angle becomes larger, the greater the distance between the 
points A and B; and since the angles sand y are equal, the 
distance between the points a and 6 inthe image on the retina 
increases as the angle x becomes Jarger. Objects at different 
distances from the eye, but having the sane optical angle, = 
—for example, the ‘objects, ¢, d, and ¢—must also Nee 
imuges of equal size upon tho retina; and if they occupy the 
fame angle of the field of vision, their image must occupy the 
sume spot in the retina. 

‘Nevertheless, these images Lise to the mind to be of very 
unoqual size when the ideas of distance and proximity come 
into play ; for from the image a d, the mind forms the concep- 
tion of a visual space extending to ¢, d, or o, and of an object 
of the size which that represented by the image ou the retina 
appears to have when viewed close to the eye, or undor the 
most usual circumstances, A landscape depicted on the 
retina, us ab, and viewed under the angle 2, is therefore con 
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VIEUAL DIRECTION. 


‘The direction in which an 


tion to the whole field of vision, or of the 
retina to the whole retina, alone remaini 
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reoscope, from ire projections 
the body boing prownted simultaneously to the mind by the 
two Hence, wheo, in adult age, sight is suddenly re- 
stored to persons blind from, Tee RE in the of 
vision appear at first as if painted flat on one surface ; and no 
idea of solidity ix formed until after long exerciee of the sense 
of vision cealecel with that of touch, 

We judge of the motion of an object, partly from the motion 
of its image over the surface of the retina, and partly from 
the motion of our eyes following it, If the image upon the 
retina moves while bye and our body are at rest, we con- 
clude that the object is changing its relative position with re 
gard to ourselves, In such a ease the movement of the object 
may be apparent only, as when we are standing upon a body 
which isin motion, such a+ a ship. If, om the other hand, the 
image does not move with regard to the retina, bat rem: 
fixed upon tho same spot of that membrane, while our eyes 
follow the moving body, we judge of the motion of the object 
by the sensation of the muscles in action to move the eye. If 
the image moves over the surface of the retina while the mus- 
cles of the eye mre acting at the sme time in o manner cor- 
responding to this motion, as in reading, we infer that the ob- 
ject is stationary, and we know that we are merely altering 
the relations of our eyes to the object. Sometimes the object 
Appears to move when both abject and eye are fixed, as in 
vertigo. 





The mind can, by tho faculty of attention, comeentrate its ac- 
tivity more or lew exclusively upon the senses of sight, hear- 
ing, and touch alternately. When exclusively occupied with 
the action of one sense, it is scarcely conscious of the servations 
of the others, The mind, when deeply inmersed in eoutem- 
plations of another nature, i¢ indifferent to the setions of the 
sense of sight, as of every other sense. We often, when 
in thought, have our eyes open and fixed, but see nothing, be- 
cause of the stimulus of ordinary light being unable to excite 
the mind to perception when otherwise engaged. The atten- 
tion which is thus necessary for vision, is necessury also to 
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one praprergbeatl its. The mind does not 
perceive all the by the field of vision at the 
boatg were Sasa atten, bt dict al Birt one 
guar, Ti is at the time the princi 
ject is at ime the 
eo eae Any cea 
Bgure produces. a iiiesat knprosiioerestorth -a¢ the attention 
Se dingsted exclosiedy to ons or the ooher part 
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gn The more nume- QW 
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|, the more it al 

mapa aarp! it is that se tittan) orna- 
ments have an Saree rah ubest for sense of vision, si 


which Soe. it, 
the effect on the retina always Insts for about one- 
second. Thus, supposing an object in ey, 
bc at ‘on a dark ed bya Sisal of Thine, 
Bee spain an eighth of a 
eae: en eae ve tl the 
e retina for 


reverse 

rapidly revolving wheel are not seen 

Desai a very po he Bld of inom 

e revolving spokes pass, a given impression has 

Belair appro Tsien oi 
wheel 


aril bright 
a5 of the panes of a window through which the 
may be perceived in the retina for a consid 

Het cr ye hed ree ie 








618 THE SENSE OF SIGHT, 


Pepe ery os Seep pete a those left 
aes objects are ‘however, the relation 
stig a i te mae image may, under certain 


circumstances, med in the ela tew! 
thay be dark, and int wAaicarccmayyes may 
Gocais wintven than aye; ici Sara errs 
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A cirete showing the various slimplo and compound solar of Nght, end those 
hich ere complomental of each other, Le, whieh, when mixed, produce a meutrad 
ray tint. ‘The three simple color, val, yellow, and Blue, ary placod at tho angles 
‘of an equilateral trlangle; whleb are connected together by meaus of acincle; the 
wilxed color, green, orange, and violet, are placed intermediate between the Gor 
responding slmple or bormogenouun color; and the complomental oolors, of which 
the pigments, when mixed, woald coustitate a gray, and of whlck the priswatle 
spectra would tgethor produce a white Tight, will be found to ts plese im ene exae 
‘opponite to each other, bat connected by 4 Yine ping through the centre of the 
circle. ‘The Sure is also asefl in showing the farther shaites of color which enw 
complementary of each other, 1f he circle be supposed to contain every transision. 
‘of color between the six marked dows, those which, when united, yield » white oF 
ery cvlor, © bbe found directly opposite Co each other) thus, for example, 
the intermediate tint between orange or red tr complemental of the middle tint 
between green anil Bae, 


« luminous object, is not closed, but fixed upon another bright 
or white surface, as a white wall, or a sheet of white paper. 
Hence the spectrum of the sun, which, while light is excluded 
from the eyo is luminous, ap} black or gray when tho eye 
ig dirested opon a white anthoa. The expieastien of thine 
that the part of the retina which has received the luminous 
image remains for a certain period afterwards in an exhausted 
2 lees pensitive state, while tl that which has received a dark 
‘isin an unexhausted, and therefore much more excitable 
condition. 

The ocular spectra which romain after the impression of 
colored objects upon the rotina are always colored; and their 
color is not that of the object, or of the image produced di- 
rectly by the object, but ite, ar complemental color. 
‘The spectrum of a red object is, therefore, green; that of a 
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|; that of violet, yellow; that of yellow, violet, 
The reason of thas i bvioun The part of the 
‘which 
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we close the left eye, aod direct the axisof the 
towards the cirenlar spot above represented, wh 
held ata distance of about six inches from the 


Hw 
Ly 


ooh dot and cross are visible. Ow lly inereasing 

the distaoce between ase and ‘the op satel ne the 

a Se ete 
on , it wi {i 

o aonb tanrers Scaceiew, #hlesea ack the book 

still further, it suddenly comes in sight again. cause of 

this phenomenon is simply that the portion of retina which is 


occupied by the entrance of the optic nerve, ia quite blind; 


sense of sight is exercised by two organs, yet 
of an obj; i i 


Gull, it was supposed that we do not reall: 
simultaneously in vision, but always see 
ata time. This especial employment of one eye in 


occurs in whose eyes are of un- 
acance, but i the majority of individoals both 
imaltaneously in action in the perception of thesame 
¢ thie is shown by the double images seen under certain 
Tf two fingers be held up before the eyes, one in 
i@ other, and vision be directed to the more distant, 
double; while, 
be regarded, ost distant will be scen 
the double images in each case will be 

to one eye, the other to the other eye. 
results only when certain parts of the two 
simultaneously; if different parts of the 
eosive the image of the object, i is seen doable. The 
of the retinwe in the two eyes which thas correspond to 
other in the property ring tho {i which affoct 
simul i, t in the field of vision are, 
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the distances of the two ii aand 6 will, inasmuch as a is 
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the by this distribution of the fibres of the nervas, 
GBecd than seralatattrass favored lig cham in which) the eats 
‘of one side of the retina, as far as the central point in both 
ere sorties becom wiceene But 3 a shows the 
ae! to explain jenomenon, Un- 
less it be supposed that each fibre in each cerebral portion of 
the nerves divides in the optic commissure into two 
for the identical points of the two retin, as is shown 

iu Pig. 192. But there is no foundation for such supposition. 
By another theory it is sumed that each optic nerve can- 
tains exactly the eatne number of fibres as the other, and that 
fibres of the two nerves are united in the 
198). Bat in this theary no account is 


F 


sensorium (as 





Pe we Fr, 109, Fro. 19k 





Wy id Been 
i (i ») 
f MSZ / J Y/, 
RX 
the decussation of the fibres of the nerves in 
ea 
to a third thoory, the fibres @ and a’, Pig. 194, 
identical points of the two retinw, are in the 
jissure brought into one optic nerve, and in the 
ther are ited, by 
z g to this theory, the left half 
would be Sas in the left hemisphere of 
@ right bulf ef each retina in the right hens- 


Another explanation is founded on the fact, that at the 
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anterior part of the commissure of the optic nerve, certain 

fibres pass across trom Crcon portion af tenes to the 

‘correspond: portion o! ‘other nerves, ae 1! were com. 

missural tbe forming 4 connection between saree of the 
" 


1 indeed, that these fibres may con- 

parts of the two retine, and may thus 

their unity of action; in the same way that corre 
paris of the cerebral hemispheres are believed to 
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connected. her ribkipe commissural fibres of the corpus 
callozam, and so enabled to exorcive unity of function. 

But, on the whole, it is more probable, that the power of 
forming a single idea of an object from » double impression 
conveved by it to the eye is the result of a mental act. This 
view is eupported by the enme facts ax those employed by 
Professor Wheatstone to show that this power is subservient to 
the purpose of obtaining « right perception of bodies raised in 


Pro. 198, 
a 2 

relief, When an object is placed so near the eyes that to view 
it the optic axes must converge, a different perspective pro- 
jection of it is scen by each eye, these perspectives being more 
dissimilar as the convergence of the optic axes becomes greater. 
Thus, if any figure of three dimensions, an outline eube, for 
example, be held ata moderate distance before the eyes, and 
viewed with cach eye successively, while the head is kept pex- 
fectly stendy, 4 (Fig. 195) will be the picturn presented to the 
right eye, and # that seen by the left eye. Mr, Wheatstone 
has shown that on this circumstance depends in a great meas- 
ure our conviction of the solidity of an object, or of its pro- 
{ection in relief. If diffrent perspective dravings of a sail 

jy, one representing the image seen by the right eye, the 
other that seen by the left (for oxample, the drawing of a 
cube a, 1, Fig. 195), be presented to corresponding parts of 
the two retinw, as may be readily done by means of the atereo- 
scope, an instrument invented by Professor Wheatstone for 
the purpose, the mind will pofecive not merely a single rep. 
resentation of the object, but a body projecting in relief, 


the exact counterpart of thut from which the drawings were 
made, 
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SESEE OF HEARING. 


Anatomy of the Organ of Hearing. 


descriptive purposes, the ear, or o1 of hearing, is 
jap three parta the caternal, the widdle, and the ine 


Tew, 198, 
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auditory exnal, Dcee eld wee He 
a slight arch directed upwards, —1, heli; % foma of the 
inwards sod a little Fig eT ee 
mpani, to which it y 
ah the vibra Gin. Tn: SMa spemewaier 
eontinged from the concha; its inner part of bone. Both 
Hing overt exer part of he mendrono tyrant, Toward 
‘over the outer ¢ 5 
Deri pars ella fatal are'fne ets and rhaseoks plant 
the canal are small glands, resembling the 
sweat-glands in structure, which secrete a peculiar yellow sub- 
a leper Fig 1974 ‘edt 
middle car, or tympanum (5, a ret 
membrana it from Ae extra Galler ata it 


| 
3 


nM 
il 


Mattened canal, dilated at both ends, composed partly of bone 
and ly of cartilage, lined with mucous membrane, and 

@ communication between the t jam and the 
into the cavity of the just behind 
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the ‘ior re of the nostrils. ‘The cavity of the 
Patan onteaien potarlttg SUL aceantby ly asl 
celle in the mastoid process of the temporal bone; but its only 
OT Teena through the Eustachian tebe 
» Fig. 197). e tympanum are oseous, 

A ere apr trea ae Oooo araselieeT gs membrane, #5 at 


Pro. wt 





General view of the external, middle, and interna! ear, ax seen Ina prepared soe 
tion through a, the auditory canal. The typanwm or miMille ear, & Kuwtachian 
tube, leading to the pharynx, 2 Cochlen; and « Semlotrealer canals aod westibmls, 
‘neon on thelr ¢xtarior, ax Drought inte view hy Ghweting Rway the surroonding 
petrous bone. ‘The atylold process projects below, aud the Inver surface of Ube 
‘carotid canal iy s0en above the astachian tubes (from Searpa). 


fenestra rotunda, and fenestra ovalis, and at the outer se 
where the bone is replaced by the membrana tympani, ‘The 
cavity of the tympanum is lined with mucous membrane, the 
opitheliam of which is ciliated and continuous with that of the 
pharynx. It contains achain of small bones (ossicula auditus), 
wai extends from the membrana tympani to the fenestra 
ovalis, 

The membrana tymponi is placed in a slanting direction at 
the bottom of the external auditory canal, its plane being at 
an angle of about 45° with the lower wall of the canal. [vis 
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a dh and tense fibrous ibrane, thi 
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are covered with mucous membrane 
‘over them rom th the wall of ae maar 
both altogetbe rand one upon the other, 
vee end vibrates with every movement and rea at 
ere and its movements are communicated 


the stapes, and through it to the mem 
the fenestra erie, The malleus, also, ix mova- 
Pecciaten with the incus; and the membmna 
with it is altered in its of tension by 
tor and tensor tympani muscles. @ stapes is mov- 
on the natin the incus, when the poh ius muscle 
acting draws 
ae organ np rata en tw formed by the distribution 
the. hoe thin the sepia owas 
m set of cavities within tl nt 
le Ett bone whlch Sofa. tho walls of these 
ead yony that atten teat forms the oxcous 
ith; the membrane within the cavities forms the mem- 
datyrinth, The membranous labyrinth 
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"The: semicirewler canals (Figs 198, 199) are three arched 
eylindriform bony canals, set in the substance of the petrous 
bone. They all ‘at both ends into the vestibule (two of 
them first coalescing), The ends of each are dilated just be- 


Pre 198, 





¥. Vestibule ex, Aquedinet of the vestibule 
% Fores bemieitipaien. 7. Poves hewlspherkes. S Semicirewinr exnala a Sie 
getler, Posterior, f Inferior, 9, o, Tho ampullar extremity of eteh. C 
Coches. oe Aquedvet of the cechilen rm Ossecus cone of the tamins apitratia, 
shove which is the scale reatibuli, commanicating with the vestibule. w Seals 
tympani Dedow the rpinal lamina Prec Sommereing. 


fore = into the vestibule; and one end of each being 
Goes Siated than thio other bs called an ampulla, Two of the 
canals form nearly vertical 21 f these the superior is also 
rior; the fior is inferior; the third canal is horizontal, 

and lower shorter than the others. 
‘The coehlea (1, 2, 3, Fig. 198, and Fig. 200), » small organ, 
Tike a common snail ehell, is seated in front of the ves: 
its base resting on the bottom of the internal meatus, 
here some spertures transmit to ic the cochlear laments of 


nerve. Tn its axis, the cochlea is traversed by 
column, the modiolus, around which a spiral canal 
with about two turns and a half from the to tho 
the apex of the cochlex the canal is closed ; at the 
prsents three openings, of which ono, 
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tioned, communicates with the vestibule ; another, culled _fenes 
bre relia io eiparnbed brateseeriene ne the cavity of 
the am; the third is the orifice of the aqueduct 
coohlee,  cunal leading to the jugolar fossa of 


Foo, 209, Jeast in obscurity of pur- 
in, 





. conde vesitbutt, 5, Muscular gone, according 
fimemistuasrotiemiaishemaraneet to Todd and Bowman, 
The seetions of the emnaite pirate medion. forming its outer margin, 

is attached fo the outer 
wall of the canal. Commencing at the base of the cochles, 


partition between these apertures; the ‘are, therefore, 
in correspondence with this arrangement, eoala wa. 
tibuli and scala tympani. At the apex of the cochlea, the 


cate. 

Besides the scala vestibull and scala i, there is a third 
epace between them, in the substance of the lamina spiralis, 
called the scale media, or eanatie membranaeea, and in this are 

jar club-shiaped little: bodies called the rods eed 
|, with their big extremities upwards, and ‘ing 
againet each other at the top—a section, therefore having the 
Eppearance oF the gable-ectlinlva txyua:-hthr livin Oiserreas? 
are pumerous cells of various shapes. The regularity with 
which the little rods of Corti are arranged has caused them to 
be compared to rows of koya in a piano. 

In close relation with these rods aud the cells outside them, 
and probably projecting alo by free ends into the little tris 
engaar canal containing fluid which is between the rods, are 
filaments of the auditory nerve. 

The membranous labyrinth corresponds generally with the 
form of the oxseous labyrinth, =o far as regurda the vestibule 


Pe 
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and semiciroular ennals, but is separated from the walls of 
‘these parts by fluid, except whore the nerves enter into con- 
nection within it, In the cochlea, the membranous labyrinth 
completes the septum between the two soaker, and it 
separate spiral canal, the canalis membranacea. A: 
mentioned, the mémbranous Inbyrinth contains a 
and between its outer surface and the inner sur 
the walls of the vestibule and semicircular Laing 
+ 80 


lymph in the 
ile and semicircular canals, and there tx no fluid exter- 


nal to its Ie. 
ion of the membranous labyrinth com- 
cavities, of which the 
Youlus; the lower, the saceu- 


the eanatis membranacea 

Pay cane The mensbranous Jal ip ata thes rae 
is Jami transparent, very vascular, an ‘on the 
inner surfice with nucleated aed pap those sham the 
ampallw are prolonged into stiff hair-like processes; the same 
Pac te. a much less degree, being visible in the 


although in more minute tities, are to be 
other parts of the mombranous laby- 


‘The auditory nerve, for the appropriate exposure of whose 
Glaments to sonorous vibrations Bi the is now described 
are |, ie characterized as a nerve of special sense by its 

provided aed bs 
softoes (whence it derived its name of portio mollis of the 
eee Smt ths Sapte fies cnet it Gbres Te 
enters labyrinth of the ear in two divishows; one for the 
vestibule anit iroular cavals, and the othor for the coch- 
‘branches for the veetibule spread out and radiate 
inner surface of the membranous labyrinth ; theirexact 
is unknown. Those for the semicircular canals 
the ampullm, and form, within each of them, a forked 
fion which corn-sponds with a septum in the interior of 
the ampulla. The branches for the cochlea enter it through 
‘orifices mt the bas of the modiolus, which they ascend, and 
thence enecessively pase into canals in the oxeous part of the 
4 in the canals of this osseous part or cone, 

ord 
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As a conductor of undulations of air, the nal auditory 

receives the direct undulations of th ere, of 

‘which those that enter in tho direction of its axis produce the 
igely are rected by pit, and ths by 

are its 8 lec 

tion reach the > tympant, By reflection, clo, the 

external meatus receives the tions which impinge upon 

the sti lextprtal aay; when thelr angle 6F xeneoberd 

thrown towards the 


fea . and hi enabled to judge 

i ‘intense; ence We are to j 

Ef the polat whence comnbey hy turalog ons ear in dilies 
directions, till it is directed to the point whence the vibra- 
imay pass directly inte the meatus, and produce the strong- 


with a membrane, is applied to the carti- 
than when it is placed in eon- 
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of the labyrioth, This peculiar property of membranes is the 
reanlt, not of their sey alo, bur he paced and ca- 

ji tof their particles ; it is not im- 
ores bythe ilo oft the fenestra rotunda, they 


are not Aree tee ‘moisture. 


na Carry and, with the precedi: 

ich occupics it, and, with the in, 
ecetieanBothissara shat choentby erection oulve 
and that with which the movable stapes is connected—trans- 
— freely the sonorous vibrations from the sir to the fluid 


A wake hg tena ee by means of 
border of membrane, 8 24 to be rm le, communicates sonore 
ows vibrations from air on the one aide, to water, or the fluid 
‘of the labyrinth, on the other side, much better than solid 
ravdia pot se constructed. But the ion of sound. to 
1 ng heeatled pice ogden meen 
occupying tl jing, or fenestra ovalis, & by ite other 
fixed middleof a tense membrane, which has atmos 
both sidex. 
membrane is a much better conductor of the vibra- 
sir than any other solid body bounded by definite 
: and the vibrations are also communicated 
‘tense membranes to solid bodies in contact wi 
then, tho membrana |i serves for the trana- 
jission of sound from the air to the chain of auditory bones. 
fightly in its esscous ring, it vibrates with the air in 


Lit 
cy 
Fi 


pryas 


i 


auditory passage, us any thin tense membrane will when 
the air near it is thrown into vibrations by the sounding of a 
tuning-fork or a musical string. And, from such a teuss vi- 
‘membrane, the vibrations are communicated with 
to solid bodies which touch it at any poll 
one end of a flat piece of wood be 
r of a dram while the other ond is held in 
vibrations are felt distinctly when the vibrating tuni 
beld over the membrane without touching it; but 
d from the membrane, will only very feebly propa- 
vibr of ihe air to the band.” shins) 
cala of the ear, which are represented in this experi~ 
a plese of wood, are the better conductors of the s0 
‘vibrations communicated to them, on account of 
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of the 
the membrana tym 
air in a direction i 


Fu 


icated by 
is in 
Tacosaning tootien of the 


therofere, “4 hearing is apeadae 
increasing the tension of the membrana tympani, 
irmed this by experiments with «mall mem- 
20 a6 to imitate the membrana tympani; and 
sl tats ove prin ay be reodened 

t ‘on one’s own 
in (es namely, by a suring ad continued 
tion or of inspiration while the mouth and nos- 
In the first case, the compressed air is forced 
thetympanum, the membrana tym- 
intely hearing becomes indis 

im ion of 


tube, are 
no between the air 


am 
of observing that even our own yoice i+ heard with 
when the tension of the membrana tympani 
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counter-pressure, th 
af coun, be freed inwards and parte fos o_o 
duced. ‘Thus it may be explained why, inn diving-bell, voices 
sound faintly. In all cases, the effect of the inerensed tension 
peers is not to reader both grave and 
acute sounds equally fainter than before. On the contrary, as 
observed by Dr. Wollaston, the increased tension of the mem- 


yn satel makes one deaf to grave sounds only. 

principal office of the Eustachian tube, in Miller's 
opinion, hae relation to the prevention of these effpets of in 
creased tension of the membrana tympani, Its existence and 
openness will provide for the maintenance of the equilibrium 
between the air within the tympanum and the external air, so 
as to prevent the inordinate tension of the membrana tympani 
which would be produced by too great or too little pressure on 
either side. While discharging this office, however, it will 
rerve to render sounds clearer, as (Henle suggests) the aj 
tures in violins do; to supply the pin mae with air; to 
be an outlet for mucus: the ill effects of its obstruction 
may be referred to the hindrance of all these its offices, as well 
as of that. one ascribed to it as its principal use. 


‘The influence of the tensor tympani muscle in modifying 
hearing may also be probably explain in connection wit 
the regulation of the tension of the membrana tympani. Tf, 


through reflex nervous action, it can be excited to contraction 
by a very Joud sound, just as the iris snd orbicularis Linn oA 
‘um musele are by a very intense light, then it is manit 
that a very intense sound would, through the action of this 
muscle, induce a deafening or muffiing of the cars, In favor 
of this supposition we have the fact that a load sound excites, 
by reflection, nervous action, winking of the eyelids, and, in 
persons of irritable nervous system, a sudden contraction of 
many muscles. 
¢ influence of the stapedius muscle in hearing is unknown. 
Tt acts upon the stapes in such a manner as to make it rest 
obliquely in the fenestra ovalis, depressing that side of it on 
which it acts, and clevating tho other side to the ame oxtent. 
When the fenestra ovalisand fenestra rotunda exist together 
with a tympanum, the sound is transmitted to the fluid of the 
internal ear in two ways—namely, by solid bodies and by 
membrane; by both of which conducting medin sonorous vibra- 
tions are communicated to water with considerable intensity. 


- 
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‘The sound being. bing contacted to tho labyrinth by to paths will, 
inom il teh xeel stronger impression ; for undu: 
be echee i dhe Bd of the Taya from 

coon a rest pe 1y the crossing 
Saou ves of inerensed: lest = 
So nieentiehprneey Tider experiments al jow that the 
same vibrations: coe Fyre near atl ede 
ih ch grt intensity through the medium of the chain 
Saas: and the fenestra ovalie than through the 
mediut of the air of the tympanum and the membrane closing 
the fenestra rotunda; but the cases of disease in which the 
ewicata have been lost without los of hearing, prove that sound 
es faye conducted: BEE ere anlar the tyriganiam 

the membrane of the fenestra 


Fuenctione of the Labyrinth, 
the labyrinth is the most general and constant 
ott He pono abyriath. In all forms of 


pibet inp the sonorous vibrations affect (he auditory 
nerve: See cies medium of liquid—the most convenient 


Peg rei in their Huid contents, the sonorous undulations 
fron the hones of the cranium. ‘They have prolly, also, in 
degree, the power of conducting sounds in the direction 
of their curved cavities more easily than the sounds are carried 
coder pag the surrounding hard parts in the original direction of 
this: seat fs in them much 

ioe ipegaiins containing 


parietes of 
tubes, this action must be much more intense. But the 
canals must have a function inde- 

hard oh for in the 
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‘The rods of Corti are probably arranged so that each ie set 
‘to vibrate in unison with a particular tono, and thus strike a 
iF note, the senention of which is carried to the brain 

those filaments of the auditory nerve with which the little 


‘nod is connected 
‘The distinetive function therefore of these minute bodies ix, 
probably, to render sensible to the brain the various musical 
cat eal Ao ee etd feet ret 
anoeher ; perhaps er parts of the organ 
Giearininate bebe ead tho fotenaittes of dierent onnde, raibce 
than their qualitios 


Sensibility of the Auditory Nerve. 


Most freqeently, several undulations or impulées on the 
nerve coneur in the production of the impressions of 


‘the ra 





stat 


communicated to tho ear within a given time. A 
nite musical value is also produced when each one 
Ines, succeeding another thus at rmgular intervale, 
pounded of several undulations, in such a way that, 
it would give the impression of an tinmusical 
is to say, by a sufficiently rapid succesion of 
onmusical sata at regular intervals, a musical sound 


F that two impulses, which are equivalent to 
le or half vibrations, are safficient to produce a definite 
ble ax such through the auditory neree, ‘The note 
by the shocks of teeth of a revolving whool, at 
intervals upon a solid body, is still heard when the 
wheel are removed in succession, until two onl; 
sound produced by the impulse of these two 
same definite value in the seale of music. 
maximom aod minimum of the intervals of successive 

still appreciable through the audivory nerve w= de- 
Reeaeiatarente have, beset derermnized hy M. Savare, If 
is sufficioutly jcroat, sounds aro still audible 
the succession of 48,900 half i 


ripe 
eine 


ud 


produced 


ar” 
en the 
still the 
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a eEE 
if 
if 
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DIRECTION AND DISTANCE OF SOUNDS S45 


tion of the effect of distance, it excites the idon of its originat- 
epee eH tea rare ETc 


‘The experiments of Savart, already referred lo, prove that 
the effect of the action of sonorous undulations upon the aerve 
of bearing, endures somewhat than the period during 
which the undulations are passing through the ear. If, how- 


‘ever, the impression of the mame sound be continued, 
or constantly fora roth bem Gore 
doced may eon ng time, more than twelve or 
hours even, after the original cause of the sound 
cened. This must have been experienced by every one 
who has travelled several days continuously; for some time 
after the journey, the rattling noiecs aro heard when the ear 
in not neted on by other sounds, 
here a that the ption of sound, as 
connected with the existence of undu- 


fi 






Fis 
af 


Fy ‘that the eeneution of sound is o state of the 
¢, which, though it exeit 
may also be prod: by other causes. Even 
it undulations excited by the impulse are 
i must be 
inciph ich, being ex- 
intil the equilibrium is restored. 
ling to the double vision of the same object with 
is the double hearing with the two cars; aod 
ible vision with one eye, ident on 
the double hearing of a single sound 
the eound coming to the ear throu, 


pe 
nal 
j 
| 
22 


i 






! 
= 


i 
i 


media of conducting power. ‘Tho first kind of doub 
papeeceere eeceeee 
Savages and Tea Aepends on the 
same eobnd i: it 
closed terpersexd 
are 
Son ae ore wane ee 
tone; one ‘conveyed to ear tl 

the A ypalwetctgn dpertericle ete 
iris osres of Via in ite degree of porfoetion 
Fopunds tither the faculty of edlustment te dierent disiances, 
the power of i icra the particles af the 
retina. affected light and darkoes, or the. per- 
ception of the thudes of colbr: Ts the ceuwe of fi 


parallel to the faculty by which the eye 


: 
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cause jn many lo a disagreeable feeling in the 
win ffl rh hoo the iy, and, 
i intense sounds are said to make the saliva col- 
of bearing may in its turn be affected by impres- 
etd ache al chat sort hale aig 
oes iad i le oe 

it nervous 
the median through which toe lippresions fe tvane- 


Fe 
“i : 


SEMA OF TASTE. 


(Sree wee 1, the pree 
is purpose must 
nerves: in the produc- 


have bocn already considered (pp. 


action of the substances which excite taste 
in the production of a ehunge in the internal 
‘of the gustatory nerves; and, according to the dif- 
the substances, an infinite variety of changes of ecn- 
ently of tastes, may be induced. It is not, 
for the manifestation of taste that sapid 
in solution should bo brought into contact with its 
For the aera Soon i the nerves ete 
may have their iar excl 
ioe of ivitatin, sock us electricity and me 
im ux. Thue Henle observed that a small cure 
rent of sir yy imtoo ba eek aoc 
taste, like that of saltpetre; Dr. Baly has shown that « 
etree maeemntise ty teat seeeed by teceeicy, 
may bo produced by a smart tap applied to the papille of 
tongue. Moroover, the mechanical irritation of the fauces and 
palate laces the semsation of nausea, which is probably 
‘8 modification of taste. 
matters to be tasted must either be in solution or be 


2 il 


LAUaEHE 

leis 
E 

i 

: 


i 
i" 


should be moist. Hence, when the tongre and fauces are 
ora substances, even in solution, are with difficulty 
‘The principal, but not exclusive seat of the senee of tnete is 
fauces and tongue. 

















PAPILLA OF THE TONGUE, 551 


ae allied to that of cues rather than of taste; the latter 
probably sent is ly in the other two ya- 
sebee of papille, thy of and the fungiform. 





ahat @ 

a Vettieal section near the middle of the dorss) mirfioe of the tongen: a, 
Pengidorm papdllm t Fuiform papilla, with their hatrlike proceasem ¢ Similar 
oes depeived of theis eptiteltiam, magniéet 2 ddaweters, 

.  Velu. € Capillary loops of the 
ancwbente,  fcondery papilli, deprived 
464, the opithellum. / Halr-itko procenses of epithelium capplog the slmple 
Paice, magullind 25 disveriees. yp Boparniod aurleated particles of opithsltom, 











12 Hain ound om the aurfare of tho tongue, 3, 4,5, Ende ot hatrllite epithelial 
Prvomain, showing varieties in the Imbrivatnd urrangoment of che partictes, bat in 
si peateacence of the purtictes Lown» the pont. O tocloses a soft hale, magnttied 
289 Glaenetorn. (Tos ate} Dewesan,| 


Fit agilckiom ofthe tongs ie ofthe wyeatents oc teen 
eed kind (p. $4). Is covers every part of the surfine; bus 








the tongue. Par pe se ix not the only seat of the sense 
of taste; for the results of experiments as well ae ordinary ex- 
perience show that the fad palate aud it arches, the uvula, 
tonsils, the upper part of , AUPE ee 
dowed wit asta These Le anette base 
posterior parte of the tongue, are supplied with branches of the 
gheso pharyngeal nerve, and evidence has been already ad- 

juced (p, 437 ef ang.) that the sense of taste is conferred upon 
them by this norve, & aie. 

In most, though not in all persons, the anterior 

tongue, pila edges and tip, are with the 
sense of taste. The middle of the dorsum is vane en 
dowed with the sense, probably because of the and 
thickness of the epithelium covering the filiform pa) of 
this part of the tongue, which will prevent the sapid sul 

from penetrating to their sensitive parts, Sis gee Prop- 
erty of the anterior part of the tongue is due, a8 already said 
(p. 431), to the lingual branches of the fifth nerve, 

Besides the sense of taste, the tongue, by means also of its 

rs ile, ix enducd, expecially at its sides and tip, with m w 

licate und accurate sense of touch, which lers it sensible 
‘of the impressions of heat and cold, pain and mechanical pres- 
sure, and consequently of the form of surfaces. The tongue 
may lose its common sensibility, and suill retain the sense of 
taste, and vice verad. This fact renders it probable that, al- 
though the senses of taste and of touch may be exercised by 
the same papille supplied by the same nerves, yet the nervous 
conductors or these two diffvront sensations are distinct, just 
ws the nerves for smell and common sensibility in the nostril 
are distinct ; and it is quite conceivable that the same nervous 
trunk may contain fibres differing esentially in their specific 
properties. Facts already detailed (p, 480) seem to prove that 


> a 
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my 
from the marked manifestations of pain to which its division 
fu woltmls: rise, that ele kee as aipervdot eoranibaiwane 
fs gl | aleo veers to contain fibres 

both of common sensation and of the special sense of taste. 
‘The concarrence of common and special sensibility in the 
samo part makes it sometimes dit it to determine whether 
the impression produced by a substance is perceived through 
the sensitive fibres, or through those of the sense of 
taste. In many cases, indeed, it ix probable that both sets of 
nerve-ibres are concerned, as when irritating acrid substances 


of eapid substances with the papillm in which the fibres of these 
nerves are distributed. This explanation, obscure though it 
be, may uceount generully for the sense; but the variations of 
taste produced by different substances are as yet i ienble. 
hearing, we know that sounds diffir from one 
Ceri te é differences in the number 
producing them ; and in the case of vision, it is reasonably 
that diffrent colors result from differences in the num- 
‘of undulations, or in the rate of transit, of the principle of 
it. But, in the cases of taste and smell, no prol 
ion hax yet been offered. It would appear, indeed, 
experiments of Horn, that while some substances 
all regions of the tongue's surfiee, others exeite 
tastes, according a8 they are applied to different pa- 
the tongue. Tha observation, lr confirmed, would 
show that, in eome cases at feast, different fibres are 
receiving different impressions from the sare «apid 


of the perfection of the sense of taste ix often due to 
substances being also odorous, and exciting the sim- 
action of the sense of smell. ‘This is shown by the 
imperfection of the taste of such substances when their uction 
‘oo the olfactory nerves is prevented by closing the nostrile 
fine wines lose much of their apparent excellence if the 
Is are held close while they are drunk. 
‘Very distinct sensations of taste are frequently left after the 
ee re Cprpsbiebins/ 
I sensations often endure for a Jong time, modify 
the taste of other substances applied to the tongue afterwards 


| Thus, the taste of sweet. substances spoils the flavor of wine, 
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with abundant papilla. (See chapter 
Taste.) 


common sensitive nerves are ae 
of any other organ of sense, The 
‘ious of the of a 


a 


bodies, is an organ of “touch.” No one 
ly, has exclusively this function. The hand, how- 
‘ever, is best oes it, frees of its Pelt 
struety it peveation. an #0 
hole seh mei ST Sea ee 
a * eit 
haste to ies rect of thatied ;imnd the roletine 
of the fingers. i hand, and wely 
fare abundantly endowed with papille 


836, 837) which are specially necessary for the 
perfect of this sense. 
Tn Rint Ss gure ad conn Se 


ies the size of the hand 
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ternal bodies ia derived the ine sensibility with 

Take acyualetad tour poco mod he lope f te 
mw ir ion, e 

By this |, we are enabled to estimate the: 

of force exerted in resisting re or in raising 

weights ‘The estimate of weight by muscular effort is more 

uccurate than that by pressures on to Weber, 


the skin, according: 
who states that by the former a difference between two 
may be detected when one is only one-twentieth or one-fifteenth 
les# than the other. It is not the absolute, but the relative, 
ee difference of weight which we have thus the 
iving. 


W 
are not acquainted, the force 
poet Recetas ta. 
contain some iv! 100, aS qa 
Fall thea 





which dota not exist: Tei om 


ity 
idea of weight and preesure in raising bodies, or in resistin, 
Sec iy Ly pet aia rcs te cing ie aE 


Of the iaablity ages to supports eight mast neo be di 
inability to ‘ight must is 
Coy Yen the neenal saa toe! Se Ros in the muscles. 


sations in the muscles themselves, of movernent: 
attending the motions of the hand is slight; and persons 
who do not know that the action of muscles is neo 








GENERATION AND DEVELOPMENT. 559 
by internal causes, Nev 
formication or the ue 


tious in the nerves of commun sensibility ; just as 
of the navseous excites sometimes the sensation of nausea, 80 


person. sensations from internal cauacs are most fre- 
went in of excitable nervous systems, such as the 


r ‘ y 
their pains are vary. If by this is meant that th 
mali calla sagas anes, Ubenepane ees 


CHAPTER XX. 


GENERATION AND DEVELOPMENT, 


‘Tur several organs and functions of the human bedy which 
have been considered in the ‘jous chapters, have relation 
ivi i e have oa oa agen those 

ion 


cocks mine 
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saa at tay ara ts 


ere ‘tube expan: 
Feehan de enveloped by a capsule of dense ao eis lloler 
again is surrounded by peritoneum. The internal 
eosunoriieores cogaes pes parading ef al nous tissue, 
cor stroma, abundantly supplied with blood vessels, and having 
imbedded in it, in Sanco ae bic ls img ae eco 


the ova (Pig. a. A farther account of the 


0. 202, 





‘View of apection of the prepared ovary of the ent (feem Bebrn) heir boston 
tng aud free barat of hn ovary j 1 attzched boner; 3 the ovarian stroma, preeemt= 
tags Grease and recular structaro; 4, grewular sbstance lying external to the 
‘Serwes stroma! 4 Meodvenects; 0, ovigerms in Ubetr earliest stages oncupying a 
Partol the granstar layer erar the suriioe ; 6. ovigorms which have begar to emlance 


ee abou four inches in | 
between the ovaries and the upper angles 


Sins ‘point of attachment to the uterus, Airlock tube 
’ ia fnorenses to 
otal extremity, 
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canal by which exch Fallopian tube is traversed it narrow, 
‘nlly at its point of entrance imto the uterus, at which it 

1 seurvel, sdeaits, briesla; Warten salem a mares: 00d 
nia into the cavity of the abdomen, the ome 
fimbrie, Externally, the Fallopian tubo is invested with 
eee internally, ite canal is lined with mucous mem- 
rane, covered with ciliary pithelinan (p. 87): betwen the 
peritoneal and mucous coats, the walls are composed Like those 








in breadth at its upper part, or fundus, but at its lower pointed 
jrt ar acch, onty- thous alfa sky <Tbai/part Dezeeen tis 
fundus and neck is termed Pee foarte mene 
an inch in thickness. The walle of the organ are composed of 
dense fibro-cellular tissue, with which are istermingled fibres 
of Sola muscle: in the imp jstute the latter are much 
developed und increased in number. ‘The eavity of the uterus 
corresponds in form to that bahrle e itself: it ix very small 
in the unimpregnated state; the sides of its mucous surface 
being almost in contact, and probably only separated from 
each other by mucus. Into Le at each aide, opens 
the canal of the corresponding Fal foplan tubes bolow, it com- 
municates with the vagina by a fissure-like opening in its neck, 
the or uteré, the margins of which are distinguished into two 
lips, an anterior and posterior. In the macous membrane of 
the vervix are found several mucous follicles, termed ovula or 

Jandulee Nabothi: they probably form the jelly-like substance 
fy witch Ihe os ited fa henalty Yoon eat: 

‘The vagina is a membranous caval, six or eight inches long, 
extending obliquely downwards and forwards from the neck 
of the uterus, which it cobraces, to the external organs of 
generation. It is lined with mucous membrane, which, in the 
ordinary contracted state of the canal, is thrown into trans- 
verse fold, External to the mucous membrane, the walls of 
the vagina are constructed of fibro-cellular tissue, within which, 
especially around the lower part of the tube, is a Iayer of 
erectile tissue, The lower extremity of the vagina ie em| 
by an orbicular muscle, the constrictor vaginw; ita external 
orifice, in the virgin, is partially closed by a fold or ring of 
mucous membrane, termed the hymen. © external organs 
of generation consist of the eons n small elongated body, 
situated above and in the middie line, and constructed, Jil 
tho male penis, of two erectile corpora cavernosa, but unlike 


Pe 
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it, withoat a Sap pa and not Ninteneyphts oe 


' 
i 
| 
[ 


orifice of the meatus urinarius. Numerous mucous follicles 
the mucous membrane composing these 


ogous to Cowper's ide in the male. 
Having gi tiger anf she err par which 
wakes Gashatrapioehustlon abibe epeclea, it 
Fl etal a aan jel Setar Wishes formation, 
pment e ovurn, to 
becca ee terete alan 
Unimpregnated Ovum. 
Tf the structure and ion of the human ovary bo ex- 
jined at. carly infancy and advanced 
but. oe pe riod of biffe in w) 
it will be found anaverage, 
ranous sacs of 


‘iti 


who first accurately de- 

also sometimes called oviears. At thoir 

vesicles, according to Schron, are 

ee of the ovary, ak subsequently 
deeply ; |, as they incrense in 
towards the orient When mature, they 

the exterior of the ovary, covered 
follicle has an external mem- 

of fine fibro-cellular tissue, and 

ling stroma of the ovary by net- 
(ane ‘This envelope or tunic is 
nucleated cells, forming a kind of epi- 
Sirafinied (massed once; gree 
follicle ix filled with an albuminous duid in 


csRTEa} 


‘branous envelope, 


il 
f 


or 
float; and it contains also the ovsem 
jinute spherical hody situated, in, 
; but in thore nearer 
granulosa at that part: 
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whieh forms ® prominence on the surface of the ovary. The 
calls of the measbran na ae ae itera 
ous than elsewhere, and are heaped around forming 
a kind of granular zone, the discus ti ) 

In order to examine as ovon, one of the vesicles, 
it matters not whether lr beof en ae ee: 
should (be prieked, and the contained’ fluid received upon 
picce of ‘The ovum then, being found in the of 
ER noe eine Oe 

by higher ti ie to ite 
Rati ita eecatkine cane be seem until it i aubjected to 


eethe ES, ovurn is Ce ped pean ee 
to Bischoff, from p44 to yfy of ite external im 

ment if & transparent Ebel ee about rile of tank inca in 
thickness, which under the microscope, appears as a bright 
ring (Fig. 209), bounded externally and internally by a dark 





Pen Fro, 0, 





Fro, 20 —Soction of the Graxhan vesicle of a Mammal, after Von Haer 1, Stroma 
of the ovary with bloodyemelx 2 Poritoneam. Sand 4 Layers of the exvernal 
cont of the Uraaflan vesicle. 3. Meutrane granulosa @ Fluid of the Graafan 
reaicls, 7. Granutar song, oF Abeue proligeras, containing the ovum (3. 

Fic, 200.—Ovum of the sm, afer Barry. t Germinal spot. 2 Germinal vesicle, 
2 Yell 4. Zona pellucida, §, Discus proligerus & Adherent granalesor celle 





outline: it is called the zona pellucida, or vitelline membrane 
Te adheres externally to the heap of calls constituting the dis- 
ens proligerur. 

Within this transparent investment or zona pellucida, and 
usually in close contact with it, lies the yell or vitellus, which 
is composed of granules and globules of various sizes, imbed- 
ded ina more or lesa fluid substance, ‘The «muller granules, 
which are the more numerous, resemble in their ay ee, 
ag Well as their constant motion, pigment- ‘granules. ‘The larger 
granules or globules, which have the ‘bof fat-globules, ans 

roatest number at the periphery of the yelk. ‘The number 
ores granules is, according to Bischoff, greatest in the ova of 


> 
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carnivorous animals. In the human ovum their quantity is 


comparatively small. 
Tn the substance of the yelk is imbedded the ‘vesicle, 
or veeienla. germinativa, ative. (Figs. 209, 210), -veeicls ia of 


aeeasiemedy tpt in the smallest ova, and ix in them sur- 
the ee peiyae the centre of which it 


to be placed near to its surface. arr ¢ human ovum 
cap sce ascertained, owing to the diftculty of iolat- 
it (see ietecnd 9 of au inch in diameter. 

a fine, it, structureless membrane, con- 


Pre 210, 





1¢ germina 
of yak 
granulated sub- 

o daaae of 

ly. nt 


of these hrercegs ed but it scems 
eget ios the Graafinn vesi- 
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With regard to the parte of the ove fret 
in that the formation 


appears 
certain ‘of the ,. “precedes 
Scot che yell. ton tony pellet ta) eerceaeontee 


around it, cannot be decided in 
the case of vertebrate antinals; but the observations of Kél- 
liker and ‘on the development of the ova of hutestinal 


t 
Z 
; 


‘The more important changes thut take place in the oram 
next to. the formation of these it emantial parts, 


ten ot, tho pees The astusehbesetaee ot Geral opeeen 6 
tien ic 
Ieper the yarn) omelet 

. of the cyan fa aati oomene eer For, as 
the ovr mes mature, although all those parts increase in 
tint, the Graafan ‘Yesiels ealatgee. sou andthe. geratioal 
vesicle least. Changes take also in the posi 


parts. 
vesiele, but subsequently is removed to its wry. The 
germinal vesicle, too, which atts ova is 1 e contre of 
the yelk, is in mature ova found at tl ripl 
‘The change of position of the ovum, the centre to the 
Fthe Brenan vesicle, is possibly connected with 


almost wholly formed of granules; but in the process of growth 
a clear fluid collects in the centre of the vesicle, and the 
granules, which from the first have « regular arrangement, 
are pushed outwards, and form the membrana granulosa. 
Now, as the mature ovam lies imbedded in a thickened por 
tion of the membrana granulosa, it is possible that when the 
elementary parts of this membrane are pushed outwards, in 
the way just described, the ovum is carried with them from 
the centre to the reriphery of the follicle, While the changes 
here described take place, the zona pellucida increases in thick- 
ness, 

According to Bischoff, the number of the granules of the 
yelk is greater the more mature the ovum, consequently the 
the yelk is more opaque in the mature, and more transparent 


Ts, 
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ation, yet it is more t ocour within a few days after the 
‘eamion of tha flux than at other times: ned, lets, 
female become id and vas- 


ree 
)» the crisis of this state of ion is 
attended by a discharge of blood or mucus, or both, the 


ion, 
‘The occurrence of a menstrual discharge ix owe of the most 
ee eas & Ss ctinesiiatnan OF pabeisyi the 
sexy ‘ita absence even for several year is not 
nt with arrest of the other characters of this 

iif, wx 


i 
i 
Hi 
3 
: 
Es 


To some women the intervals ure as short as three weeks 
or even less; while in others they are longer than # month. 
‘The periodical return is usually attended by pain in the loins, 
of in the lower limbs, and other symptoms, 
ae are di it in rent individuals. pen! 

‘not _usually coeur io pregnant women, or in those 
; Piiiiaaanien at a Soearroscn ta bot these con 


A ey id efused. fron th 
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Bator dilgied by thie mete te let ‘coagu: 
lates leas ly than ordinary blood ; © frequent 
acidity of mucus tends still further to. its 
coagul ‘is hes eel to the erroneous say that 
the menstrual blood contains an ly 
fibrin, or none at all. The bi in it in 


scales of epithelium derived from the mucous passages alon; 
which peer flowe. 4 


Corpus Lutewn, 
Tinmediately ‘as well as subsequent to, the rupture of 


a Graafian vesicle, and the escape of its ovum, certain 
ensue in the interior of the vesicle, which result in the produc 


tion of a yellowish mass, termed a 
When fully formed the corpus luteum of mammiferous 
animals isa roundish solid body, of a or color, 


and composed of a number inbtleg wilh uareanlimase. 


luteum ; and the lobules projecting from the opposite walls of 
the Granfian vesicle appear in a section to beeeparuted by the 
thinnest powible lamina of semi-transparent tissue. 

When a Grantian vesicle is about to burst and expel the 
ovum, it becomes highly vascular and opaque; and, immedi- 
ately before the rupture takes place, ay beer thickened 
on the interior by « reddish glutinous or fleshy-lookiag sub- 
stance. Immediately after the rupture, the inner luyer of the 
wall of the vesicle appears pulpy and flocculent. It is thrown 
inte mek by Lia contraction of the passes layer, alread 

hy manail processes grow from it, and gradually 
enlarge till they tiaarty Mllha wolcle, aid ewes protrude from 
the orifice in the external covering of the ovary. Subsequently 
this orifice closes, but the fleshy growth within atill increases 
during the earlier period af prguancy, the color of the sub- 
stance gradually changing from rod to yellow, and its con- 
sistonce becoming firmer. 

‘The corpus luteum of the human female (Fig. 211) differs 
from thut of the domestic quadruped in being of n firmer tox- 
tare, and having more frequently a persistent cavity at ite 
centre, and in the stelliform cientrix, which retiaing in the 


Ay 
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enses whore the ee ve tely of 
a low aul ice formed 


orifice: 

stance continues di ee ee 

wity is reduced toa comparatively small size, or is obliterated: 
nbs etigasconn, iscly mowtise ecole foras Cotntstereneaica 8 

tho centre of the corpus luteum, 


is 


Po tn 


An effusion of blood generally takes place into the cavity of 
Escape vesicle at the time of its rupture, especial 
pital ae but it — share in ots the lie 
Pork luaily loses ite coloring matter, and acquires 
mass of fibrin. The serum of the blood some- 
ithin a cavity im the centre of the 
aa then tho docolorized fibrin forins a membrani- 
the corpus luteum, At other times the serum 
the fibrin constitutes a solid stelliform mass. 
ave substance of which the corpus luteum consists, 
the buman subject and in the domestic animals, is & 
the inner surface of the Graafian yericle, tho re 
development of the: 








in the process of formation of 4 corpus lu seem to occur 
in every case in which an ovum escapes; a inthe human 
subject as in the domestic quadrupeds If the evam is im: 

‘substance during 


ing preguancy, is formed 

in the human subject, independent of impregnation or of sexual 
union, coupled with the varieties in size of oes 
during pregnancy, necessarily renders w all evidence of 
revious impregnation on the existence of a corpus 


The following table by Dalton, well the differemoes 
between the ooo Ile SOLS peat ier eaten 
condition respectively, 


Caxrus Loreus of Mies ‘Conroe LUTROM OF Fane 
‘wTavaTIO, Maser. 


At the end of | Three-quarters of an inch In diameter; Gentral dot 
threeweeks, | reddish; convoluted wall yale. 

One monlhyy | Geualiors convoluted wall (Langucy convoluted wall 

yellow; clot wt ri i 

ie redo 


‘Two mowths, | Reducod to the condition | Sovon-eightha of wn inch 
of an insignifiountcioa-| indiameter; convoluted 








trix. wall bright yellow; clot 
erfeetly decolorized. 
Siz montha, | Absent. Sulit ns large as nt end. of 
second moath; clot Bbe 
rinoi volated wall 
palor. 
ine months, | Absont. Onechaif wn inch in diam- 


‘ter; centeal elot eon 
verted into x radiating 
clentrix; the external 
wall tolerably thick and 
caavoloted, but without 
any bright yellow color, 
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PAPRBONATION OF THE OVUM. 


Male Sexual Fenetions. 


‘The fluid of the male, by which the ovum is im ied, 
ba arn aginst he eae sca oelee At ned 
‘this are necesairy, perhaps, to ite perfoction, a 
the vesiculss seminales, in which, as ‘in 
Hes before its discharge, as well us the 
seeretion of the prostate gland, and 
tions of these several f) 


‘The was 
ing tube, when followed buck to its origin, 
to the lower part of the epididymis, and na- 
ich less diameter with « very tortuous course; 
Poa oe 
a ya yen the major of the 
o Atthe lnstnamed part, the nig 
livides into ten or twelve small 
theeonvolations of whiek form 


Ie 


: 
i 


neo 
with another, 
Seatia, 


i 
Ht 


iui 
aL: 
fe 


¥ 


are 
imple homogeneous membrane, measuri 
SAgth toh het x inch ta diameter, ad fined wi 
‘or glund-cills. Rarely branching, they extend aa 
tubes great length, with the same uniforo 
terminate either in free cloeed extremir 
walls are covered with fing ewpillas 
rough which, reckoning t 
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comparison with the size of the spermntic artery, the blood 


i 


in 

clei, a seminal filament is developed, =a 
corpuseles, or nuclei, a is a 
similar process in nearly all animals, Each corpuscle, or nu- 
lous, is filled with grannlar matter; this is gesiaally con. 
verted into a spermatezoid, which ix ut first coiled up, in 
Rabin inner surface of the wall of the corpuscle 
(Fig. 215, C, 1). 

‘Thus developed, the human seminal filaments consist of a 
long, slender, tapering portion, called the body or tail, to dis 
tinguish it from the head, an oval or pyriform portion of lager 
diameter, flattened, and sometimes pointed. They are from 
shot to ghpth of un inch in , the ‘Of the head 
alone being from gygth to yeyoth of an inch, and its width 
about balf'as much. They present no trace of structure, or 
dissimilar organs; a dark spot often observed in the head, is 
peaey due to its being concave, like a blood-corpueela. 

‘hey move about in the fluid like #o many minute corpusel 
with each # ciliary process, lashing their tails, and propelli 
their heads forwards in various lines. Their movement, which 
is probably cxentially, ax well as apparently, ximilar to that 
of cilinry processes, appears nearly independent. of external 
Saoditioon provided. the natural’ density ah the fieidlatangee- 
served ; dlisturbin, condition, by either evaporating the 
vormen or diluting it, will stopthe movement. Tt may continue 
within the body of the female for even or cight days, and out 
of the body for at least nearly twenty-four hours. The direc- 
tion of the movement is qnite uncertain; but in general, the 
current that cach nsclee! Een it from the contact of othors. 
‘The rate of motion, according to Valentin, is about one inch 
in thirteen minutes. 

Respecting the purposs served by these seminal filaments, 
or concerning ir exact nature, little that ie certain can be 
said, Their occurrence in the improgonting fluid of nearly all 


hoy 
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classes of animals, proves that they are essential to the process 
of impregnation ; but beyond this and that their contact with 
the ovum is necessary for its development, nothing is known. 


4 
* 
ei \s 8 


Pro. 215, 


9 


c 
6 ord 4 
ae 
U 


‘The seminal fluid is, probably, after the period of puberty, 
seereted constantly, though, except 
lowly, in the tabules of the testicles. From 


= 


Avspeematic Glawents from the buman 
as deferwem (from RGlliber 4, unagwithed 
99 diamcters; 2, aaagniticd 100 diameters; 
+ fram Use slide; 8, from adore. Mh, aper- 
reatie alte aint spormutones of the ball 
wuderguig derslopment (from Kottiker) 

A, mpermiatio colle, with one oF two 
uct, 008 of them clear; 2,3, free nustod, 
‘with spermatic Hinments forming; 4, the 
{Mlansents elongated and thw baby widened ; 
‘8, Glawents nearly fully developed, C, em 
scape of the xpormatoona frou: thelr celle im 

nll. 1, eperwpanie cell com 

smintonusn evited 

pated by 
be spermatic Rlament; 2,4 eek fea 
‘eich the Glament hax tn part beeome Froe 
4. he sane with the beady abso pardially 
free: 5, aperteatazoon from the eplidytnis 
WIth vestiges Of the cell alberent 6, aper- 
raatusoen fram the vax delarens showing 
‘the small eolargerment, 6, om the Mamet, 















under excitement, 
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‘The base of the mule bladder, with the veviculie seminales snd prostate gland, 
1, The urinary bladder. 2 The longitudinal layor of muyular Hhres. &. The peo- 
state gland. 4 Membranoos portion of the wrethra & The aretera 6. Iloodver 
aus, T Haft; K Hight ree duferene 9. Left seminal vesicle In tte nxtarsl poole 
dom, 10 Ducts ejacnlatorus of the left side traversing the prostate gland, tt. 
AUphE preniaa vericle injscted and wnrareliod, 12.1% Blind pouches of vesiculw. 
4 Right ductus aculaiorlus traversing the provate.—(Elaller.) 


layer of organic muscular fibres, from which they derive can- 
tractile power for the expulsion of their contents. 

To the vesicule seminales a double function may be as- 
signed ; for they both secrete some finid to bo added to that of 


A 





THE VESICUL® SEMINALES. oT 


aa rabubly most im portant 
beur, guinea-pig, and other 


prs Hee samerlomicacatiy arate 
secretions, 

into the urethra. Ta man, also, 
lest, vesicula seminalis 
The ren function as a reservoir is lee 
‘Yesiculee seminales act as s 


are wholly absent. 
it of information 


ing with the testicles 
‘ime. But that they 
: in ahiwn by the fucw; thet, pamithie 
rw Tew, tough th these other organs be perfect, all 


iereticue’ of valle oygue fost) eset’: 
form the semen or seminal fluid. Its corpuscles have 
G74); ite Hold part has wot 


il eth Hen a 
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charactors, si dis and Tabi 
expllabiey eat ny pale only eoosoded te neaapesee vy 
le; 
hots ahi sit Isai oe nerleal Sasdicad teem 
an influence, not only on the avura which it in s, but, 
through the medium of the mother, oo many are sub- 
Pr et ee eee es eels ete 
Tt has been often ol |, for example, that a well-bred bitch, 
Doar’ Woroupi bred eproy ie tai east tes vrleaae utes 
ve a next or three 
wi puppios ce 


Perdaiellb dining rua ter 
next bore had distinet marks of ie quae, in the shape of 
its head, black bars on the legs and shoulders, and other char- 
acters, After this time ehe was thrice covered by horses, and 


would appear, therefore, thut the co 

female may become so alte the 
peculiarities of the impregnating male, through the medium 
‘of the festus, that ehe necessarily jane each iarities to 
any offspring ehe may subsequently beat by other males, Of 
the direct means by which a peculiarity of structure om the 
part of a male ix thus transmitted, nothing whatevor is known. 





DEVELOPMENT. 
Chariges in the Ovum previous to the Formation of the Embryo, 
OF the changes which the ovum undergoos provious to the 
formation of the embryo, some occur while it i stil in the 
ovary, and are rently independent of impregnation = 
cubs tala plac ale it baa reached tho Fallopian tube.’ ‘Tho 


knowledge we posess of these changes is derived almost ex- 
clasively from observations on the ova of mammiferous ani- 


ay 
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eens bitch Ste ‘but it may be inferred 
vosue in the human ovum, 
‘describes the yelk ee an ovarian ovum after coitus 


being onchanged in its charactors, with the single excopti 
Tee ler nod more ene l rualay e Dry 


ee of the found im it, 
aa Sckaome putts sSiapieeiumlle S Nun Pens 
ovum leaves the 7, at other a neering eed 
commencement of 


the Fallopian tube; but always before the 
the the yell. 


whieh 
mpoo the: ae 
fine, and, owing to thls and to its 
poreere saisttbe pe oes Porat os Schaie 
it acquires: 


About this that is ee 
thie mac" 


interior of the ovum. 


4 
2 


an 
a 


pit 
ie ink 


around jes a centre, a 


mabstance of the 
ti ‘oe 
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which is now incloeed within the body of the embryo, the in- 
wetinal canal is developed. 

Thus by the constriction which the fold of germinal mom- 
brane, in which the abdominal walls are formed, produces at 
the umbilicus, the body of the embryo becomes in eed meas 
ure detached from the yelk-sac or umbilical vesicle, he 
the cavity of the rudimemtary intestine still communicates with 
it chr the vitelline or omphalo-mesenteric duct, and con- 
tains part of the yelk-substance with which the vesicle was 
filed. The yelk-ac 


ovases at early period, the quan- 

tity of ot pall oan the abiye Foo. 30. 
soon becomes independent of it by 1 

connections it forms with the’ parent. 


umbilical opening, which 
then closes over it: but in Mammalia it 
always remains on the outside; and as 
Biirak tgs ea ogetone wi eae 
rivel a u 
yh ere 
a i rs either 3 
or at the termi of intra-uterine ital wees sean 
Iife, the period of its disa VATY- fifth week (after Dalton’, 
BWP rioricnsin, hanes sr be: Goveleged, are Teauly 
in to loped, thay rami 
rake ‘umbilical ese, and are wetively 





The Amnion and Allantois, 


EE a erp rinpriedcalbs ea pees 
com) of ies ham es ete Dene oak 

structures, reepecti 
a to be irmed—the smonlon 
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222) the whole embryo—taking up resale 
Bein to the outer investing membrane of the 
the inner surface of the shell with a yascular mem! A 
ese means affording an extensive surfice ee 


uted only to a special part of the outer membrane, at which a 


structure called cies is develo 
Tn Mammalia, as the visceral pea in the abdominal 





® orion with vill The villi are shown to be beat developed in the part of the 
‘chorion to whieh the allaniots fe extonding; this pertion altimately Deromes te 
Hacenta », mpace between the two layers of the amnion. ¢, attnlotic cavity. 
situation of the Sscestine, showing ite conneetiow wish ibe wmvbilial vesicle, #, a> 
‘ileal yeekde. /, situation of beart and vessels. g, allantois (after Tedd and Bowmen) 


bladder; the portion of the inner Sb rl 
a from the b bladder to the ura under the pam 

After birth, the umbilical cord, aad with it 

of the fag EE ON 
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it, 2 
Hf 

H 

F 

Hf 


: 
| 
i 
: 


ik 
i 
i 
A 

: 
4 
ef 


dermic membrane, is laid the 

of the vascular system. At the of the vascular 
area, insulated red spots and lines make and 
these soon unite, #0 as to form a network of filled with 


vesting mombrane of the ovum, that it insinuates itself bo- 

‘tween the two layers of the amniotic fold, and becomes fused 

with the outer layer, which has itself become previously 

fused with the vitelline membrane. 

rw. =. By these means the external in- 

4 pines emia) of the ovum, or 

the te =F ae is eae 
represonts throe layors, namely, 

onginal yitelline membrane, the 

outer Inyer of the amniotic fold, 

and the allantois. 

Very soon after the entrance of 
the ovum into the uterus, in the 
haman subject, the outer 
os chorion _ ee a 

rocesses, the so-cal iti 
theehorion ta, Fi 228,204), whiel 
give it a rough and 5! 
pearance. At first only Pas 


i. 
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small und orifices, lined with epithelium and set closely to- 


On the internal surface of the macous membrane may be 
gern the oimallar oriBcen of thelgtartal max Wberehckaraybs 








the enrly period of prognancy, surrounded by a whitish ring, 
formed of the epithelitim which Fines the follicles (Fig, 228) 


ra. 0. 2 


Via. 2etwA vertical seetion ef the mucos 
the biteh, magnified ewelre dias 
(from Bhat 

Fi. 2k —Teo thin segments of human decidua after recent Imprognation, vlewed 
fon & dank ground they show the openings an the surface of the mawbrane. a be 
Hungnibod ae diameters, ad Wtwelve diameters. ACT, the lalng of 
seen within the aritons, at 2 FE tas eerapent (from Sharper 





Coincidently with the increasing size of the follicles, the 
quantity of their secretion is aagmented, the vessels of the 
tucous membrane beeome larger and more numerous, while a 
substance composed chiefly of nucleated cells fills up the inter- 
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the decidua refleeo, and 
these, the decidua vere, 
second, or decidua reflexa, 
uparound the ovnm, 


into a vewel containing 
‘al villi there is a constant stream of 
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half an hour, the bitch died from tetanic spasms ; the fetuses 
operated on were also found dead, while the others were alive 


ent ing all that en and mater- 
sine by reat of whic the ‘ot ot or tht is en 
riched and parified Sef graeme keine Hea ed ate 
SS ae Tein aloe gers ar bags 
‘pout 

‘The whole of this structure is not, as might be imagined, 


‘of this portion yo vending or crushing through 
ott part at which its cohesion is ay namely, where 
it ls most burrowed and undermined by the cavernous ea 


ekearsfercel to, ie nie fad sercens 
membranes and the decidua wera and together with 


Avnew mucous membru of course gradually developed, 
Gris Siacoestiy ex tacndlar canatteetialiiasesaaee 
called the decidun, eonses to perform ite 


conta, 
tly ste of de develope of the embryo were, as aun 
related, of great comparative importance. ‘Thus, in marly: 
fetal life, it i corned of the following parts: (1.) Exter- 
nally, a layer of the ansnion, reflected over it from the am- 
bilieas. (2) The tiobilical + vesicle with its duct and apper 
taining om, teric bloodvessels. (3) The remmins 
io Lik pellet igen rapapes with it the urachus, (4.) 
‘The umbilical vessels, which as just remarked, ultimately form 
the greater part of the cord. 


DEVELOPMENT OF ORGANS 


Tt remains now to consider in euoceeion the development 
eee elseif neem io 
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bin (8 inferiorly. Those eaten whit ene bear 
as the cervical vertebra, have generally an additional 
centre of ossificntion in the trinsverse which is to be 
Fi netsh en lapaeurnars here In the fatal bird, 
these additional eified portions exist in all the corvieal ver~ 
ae seo Peas 0 much, Gob in the lower 
of the cervi to form the upper false ribs of 
Maccawatten. ras paris exist in mammalia and 
man; Ue iapsiaeebaay kph den elatele paleo Spay 
and inchildren may, for a considerable period, be distinguished 
as a separate part on «ach side, like the root or head of a rib. 
‘The true craniam ll are a rae: ‘vertebral column, 
than the facial bones. 


fish, ©. 
Senile tetagi 2s eee a 
consists of two rtilage, the 
saith sor on te ite, wich ne Sno ite 

jaginous: auditor apparatus, and unit 

nin iain arched ouhver anteriorly beneath the 

iitarlarsend of the cerebral capsule, Hence, in the cranium, 
sein the spinal column, there are at first developed at the 
Hes the cond doris two munetrical elements, whieh 
subsequently coalesce, and may wholly inclose the chorda.' 


Development of the Face and Visceral Arches, 
Tt has been said before that at an early period of develop- 
race ats EPeR UD cm the sides of the 
tive groove the so-called dorsal famine, which at 
coalesce, and Sapita hy Sate. osioe te nisal ows 
Sennen prercteeliy tabs plone im the 50 ae to in- 
ae prenelcavity 
socalled viseeral famines have beew also described as 


yest rer Pad ad i depaceses in frout, ax the 
Jarninw do bebii ad im loan ibs) pear 
abdominal cavit} analogous process the facial 
terval eb but the eatcatage la Tenn instead of being 

ecto former instances, are 








and original matter relating to the develope 
he. teude ia referred to tho troportaait, lectfee 


tomy, delivered at the College “a 
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In this way the so-called visceral arehes and elefts are formed, 
four on each side ( Fig. 230, 4), and from or in connection with 
these arches the piston eu are developed: 

From the first arch, and its maxillary process, the ‘ior 
mazillary, the palate bone, and the internal pleregvid plate of 
the sphenoid bono, the ineus and malleus and the lower jaw, 


Fo, 0 


Baone > 





7 perulvram: % mide ditto; 
proces: 8 eye; & infevior 







ive head of s human faxcus of 
stout the fifth weck (frum Ecker, ss before, Fig. IY} 1,2, 9,0 the xame parts a9 
|, Che exterual nasal oF lateral frontal prowess) 6, the superior maxtilary pro— 
ie lowor Jaw; X, the longue; 4, firvt branchial oloft beconnfug the nieabus 
ie enters 








‘The upper part of the fuce in the middle line is developed 
from the so-called fronto-nasal process (4, 3, Fig. 230), From 
the second arch are developed the stapes, the stapediua muscle, 
the styloid process of the temporal bone, the etylo-hyoid liga: 
ment,and the amadler corauof the hyoid bone, From the third 
visceral arch, the greater cornu and Body of the hyoid bone. 
In man and othor mammalia the fourth viscoral arch is indis- 
bined. 


Development of the Extremities, 





The extremities are developed in a uniform manner in all 
vertebrate animals. ‘They appear in the form of loaflike ole- 
vations from the parietes of the trunk (see Fig. 231), at points 
where more or leas of un arch will be produced for them within, 
‘The primitive form of the extremity is nearly the same in all 
Vertebrata, whether it be destined for swimming, crawling, 
walking, or flying. Tn the human fetus the fingers are at first 
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united, as if webbed for swimming ; but this ix to be 
bot so much as an approximation to the form of aq apie 





I 
A bemman extlerye of the fourth week, 2g lines tn length 1, the chorion: 1 part 
(Of Che eeunion ; 4. umbilical vesicle with koe long pedicle passing Into the atilomen ; 
Tthe heart, 6 the rer; 9, the visceral arch destined to form tbe lower jaw, be 
‘weet whic are two other rhceral arches separnio’d by the branchhal clef, 10, ru= 
Geeet of the upper extremity | 11, thet of the lower estreminy; 12, the wasbiliogs 
‘ered |, Ube eye; 16, the eax ; 17, the cerchral homlephiores; 1, the upthe lolee or 
organs quad regresina 
4 the primitive form of the hand, the individual 
of which subsequently become more completely isolated. 


Decelopment of the Vascular System. 

‘The “ques meee of the vascular system and heart in 

rane bas boen already alluded eis 648). 

itself as 0 eom- 

embryonic cells, similar to thase of which the 

of the body are constituted. It is at first an- 
w cavity; bat Gamera 
0 


i? 

HH 
it 
F 
I 
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ERE 








698 GENERATION AND DEVELOPMENT. 


of the heart shortly assumes the characters of blood. At the 
same time the eavity itself forms « communication with the 
grent veseels in contact with it, and the celle of which ite wall 


Pre ast, 





Capillary bloodvewels of she tat] of a young larval frog, Magnited 
 Kolliker)ona, capillaries perueatle to bloud ;6, falagramules at 
f the vemels, and concealing the nuctel; ¢, hollow profongation 
conding Ju folut; db branebing cell with nucleus and figeanules 
ator by thres branches with prolongation of cuplilarios alresdy formed ; ¢, 6, blood- 
corpuscles still contalning granules of tat 








are composed are transformed into fibrous and muscular tis 
sues, and into epithelia, 

Bloodveasels appear to be developed in two ways, according 
to the size of the yessele Tn the formation of large bloodves 
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sels, masses of embryonic cells similar to those from which the 

heart and other stroctures of the are developed, ar- 

), form, and thickness of the 

iy afterwards the colle in the interior 

of a colunm of this kind scem to be developed into blood-cor 

pareles, while the external layer of cells is converted into the 
lis of the vessel. 


the ji 


i 


es ure formed and are permeable to blood, new proloms 
from them, join other radiated cells, and. fice form 
arches, In this manner, the ei network €x- 
portion as the tail increases in and breadth, 
same time, becomes more dense formation, 
frets iin its meshes, 


ERLE 


ail 


abtee 


terior (see Fig. 232), 

servations, made on the fine gelatinous tissue conveying the 
umbilical vowels of a sheep's embryo to the rechis ey 

(eos nents ‘This tissue is well calculated to i 


Tedons, 
lustrate 
from 


oeives: 
the large arterial trunk, it becomes curved 
‘@ horseetioe form, and shortly divides into three cavit 
these three cavities, which are developed in 
the most posterior is the simple auricle; the midde 
| ‘one the ventricle; and the most anterior the bulbus 
threo of the heart contract in succes- 
‘The auricle and the bulbus arteriosus at this period lie 
lities of the horseshoe. The bul out of § 
inferiorly gives the first 
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doef 


Meart of the chick af the 43th, 650, and Sith vars, of Lactation. 1, thee rewmer 
Leuuks, 2, the aurtelo; 8 the ventricle; 4,the balbus arteriewus (after Dr, Alien 
‘Thomson 


and the two extremities, the auricle and bulb, a each 
other superiorly, so as to im greater to the 
latter form of the heart, whilst the ventricle becomes more 
and more developed inferiorly, The heart of fishes retains 
these three cavities, no er division by internal 

into right and left chambers taking place. In Amphibia, 

the heart throughout life consists of the three muscular divi- 
ee iene formed in the ye but space 
livided internally by a septum into a aye 
emic auricle, In reptiles, not merely the eesti is thus 
divided into two envities, but a similar septam is more or lee 
developed in the ventricle, In birds, mammals, and the human 
subject, both auricle and veatriale complete division 
by septa; whilst in these animals as as in reptiles, the 











albus 

tricles. Tho soptum dividing the ventricle commences at the 
apex and extends ape When it is com a eeptum 
is developed in the bulbus aortae, sepwratin roots of the 
proper aorta and the pulmonary artery. ‘The soptum of the 
auricles i developed from a semilunar fold, which extends 
from above downwards. In man, the septum between the 
ventricles, according to Meckel, begins to be formed about the 
fourth week, and at the end of ight weeks is complete. The 
septum of the auricles, in mas and all animale which posseas 
it, romains imperfect throughout fivtal life, When the par- 
tition of the auricles is first commencing, the two venw cavae 
have different relations to the two cavities, Thosuperior cava 
enters, a9 in the adult, into the right auricle; but the inferior 
cava is #0 placed that it appears to enter the left auricle ; and 
the posterior part of the septum of the auricles is formed by 
the Eustachian valve, which extends from the point of en- 
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‘arterious and doctus venosus, us well ax the umbilical vessels; 
two streams of blood which arrive at the right 


into the right f the pulmonary 
the lungs, and hush te ahor putt, farsi 


auricle and ventricle, to be distri cover the body. (Soe 


inal cord, seem to lenve a tis- 
oblongata, Between thie 


; primary vesicle—the corpora quadrigem- 
erebrh, with tho aqueduct of Srivias 


Of daviopment of the loos ABC. Different stagra ef devehopment. 
pinic taper. 2 Thickening of this layer. 3. Crystalline deprewiion. « 
depermsion. 


Of the secondary oculae vesicle, occwptal by the 








of the 
cleft, The mer uaa Sanja vides ck yay De cea 


to an internal space, the the external mea 
Eepetetenort <i mh i shih prolong 
paper pein into 


tympanam, and come into 
relation with each at “aes point; the two membranes 
boing eeparated only by the proper: tym- 
pan 
Development of the Alimentary Canal. 


es wily tard tp 8) bat at cae uniform 
t ed Gir becomes divided special 
ene eee daly id (Fig 289). 


Po. 2. D 
' 


A B 





r 
‘Ovillues of the form nod position of the alimentary canal In succemiye stages Of 
fis development (from Quain 4, allmentary canal, cy in aD embryo of four 
reeks) Th, at lic weeks | Cy at elght weeks) D,at tea weeks; 1, the primitive tangs 
connected with the pharynx; 4, the stomach ; &, duodenum; 4 the small intestine ; 
the large) «he eweuin and vermaitvem appendage; rte roetum ; ef in A, the 
clcaca; a, 1s 8, the snus, dlatinet from 1 the sinus uro-genitalie; », tho yelk-ane ; 
‘ri the vitellosintestingl duet: the ringry Wadder and wrschus leading to the 


altantolx; 9, gonital dnets. 
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‘The stomach originally has the same direction as the rest of 
the canal; its cardiac extremity being superior, its pylorus in- 
ferior. The changes of position which the alimentary ennal 
undergoes may be readily gathered from the accompanying 


res, 
‘The principal glands in connection with the intestinal cunal 
are the varies pancreas, amd the liver. In Mammalia, each 
salivary stand fiat pentrs ae a le canal wih, bei like 
processes ( Ye ina ous nidus or ma, 
and comm cnliating wih, the ‘cavity of tha mouth. As the 
chp rad gland advances, the canal becomes more 
‘more ramified, increasing at the expense of the blastoma 


Pre. 3a 








Fin, 240,—Foret apprarance of the parotht gland jo the embrys of a shrep. 
Fie. 261—Lobules af the pacetid with the salivary ducia,(n the embryo of the 
sheep, a 8 more adlvamced stage. 


in which it is still inclosed. The branches or sali 
‘constitute an independent system of closed tubes (Fig. 241). 
‘The pancreas is dovoloped oxactly as the salivary glands. 
‘The fiver in the embryo of the bird is developed by the 
protrusion, as it were, of a part of the walls of the intestinal 
canal, in the form of two ‘abal ‘elon benchacelaane 
the common venous etem (Fig, 242). The 
cones involves the om| 


ts interior into a plexus of capillaries, end! 


a 
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ea ae pa eet oes of aca tubes issn! 
the branches of the trachea, (Fig. 243, 0.) The diay 
is early developed. 


rita 
i te 
E 


only an 
ducts, In the mal 
deferens and ea 





course retains the bloodyessels, nerves, aod 1) 
were supplied to it while in the lumbar region, 


i 
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two threads of blastema, called the Millerian 
1m), which mppear in front of the Wolffian 
the time that begin to change their rela- 
to neighboring parts, and to docroase in size. 
llerian ducts are united below into a single cord, 

cord, and, from this are developed the 
the cervixand the lower portion af the body 
at hile the Liem portion of he da each 

e Ul rt © uterus, ant ie Lal lopian 
Ts corcail tases of aires er ebwortadl dewblopanent 
the Millorian duets may not hecome fased 


Hi 
i 


£27) 
ey 


Hey 
fee 


Pun 





‘Diagram of the Wolthan bedine, Mallerian ducts and ajscene parte previous 10 
sexual distinction, ax seen from before (from Qual). ye, the sapramnal bedi: 
*, the Kidneys; o common Diesen of ovaries or tewiches: W, Woltiiam bediies ; w, 
Wolfian ducts: mm, Méllerian ducts, ge, geaiial curd; wp, stra regumizatie | 4, 
Intestine; of <towen, 


together at their lower extremities, and there is left a or 
horned condition of the upper part of the uterus, 
@ condition which is permanent in certain of 


ee 
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In the male, the Miillerian ducts have no special function, 
and are but slightly developed: the small prostatic pouch, or 
sinus pocularis, forms the atrophied remnant of the genital 
cord, and is, of course, therefore, the homologue, in the male, 
of the vagina and uterus in the female. 





Urinary aud generative organs of « human female embryo, measuring 33 tucbes 
in length. A, general view of these parts; 1, suprarenal capsules; 2, kidneys; 3, 
ovary ; 4, Fallopian tu 
generative organs of the same embryo viewed from the side 
(at the upper part is a portion of the urachus); 2, urethra ; 3, uterus (with two cor 


















nua); 4, vagina: 5, part as yet common to the vagina and urcthra:; 6, common orl 
fice of the urinary and generative organs; 7, the clitoris. c,Tnterpal generative or- 
fgans of the sume erbryo; 1, th ta; 8, the Fallopian 





tubes (forme by the Mallerlan ducts) ; 4 
bodies. p, Exterual generative organs of the same embryo; 1, the labia majora ; 2 
the nymphe ; 3, the clitoris. After Maller. 








The external parts of generation are at first the same in 
both sexes, The opening of the genito-urinary apparatus is, 
in both sexes, bounded by two folds of skin, whilst 4 in front of 
it there is formed a penis-like body surmounted by a glans, 
and cleft or furrowed wlong We under soriace. “Whe borders of, 
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the furrow diverge posteriorly, runing at the sides of the 
genitourinary ori iaveraally to the cutancous folds just 
mentioned (see Fig. 245, 6,0). In the female, this body be- 
coming retracted, forms the clitoris, and the margins of the 
furrow on its under ¢urfice are converted into the nymph, or 
labia minora, the labia majora pudendw being eoustivuted by 
the entaneous folds. [no the male fietus, the margins of 
the wat the under surface of the penis unite at about the 
fourteenth woek, and form that part of the urethra which ix 
included in the penis. The large cutancous folds form the 
scrotum, and at a later gered tl in the cighth month 
of development, receive the testicles, which descend into them 
from the abdominal cavity, Sometimes the urethra is not 
closed, and the deformity called hypospadias then results, The 
appearance of hermaphnolitim may, in these cases, be in- 
creased by the retention of the tates within the abdomen, 


The Mammary Glands. 
mary glands, which may be considered a* organs 
ie ie luctive system in man and other men- 


the on 
are, in 
other 


FFE. 
1 


i connec- 
tive timue of the great pectoral muscle on which Ate The 
main ducts of the gland, fiftees sates io number, called the 

iferows ducts, aro 


Beacon arretd by squccoas or horse 
oa 
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i 


the colostrum, ie do ae ary milk Repccese a 
lity of solid matter; and under the microscope 
lar masses called colostrum-cor- 


un 
i 


i 
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for their 
ar knees aie ie abe 
met been already mentioned | 
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‘composition 
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